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Abstract

In this study, the most important wetlands in the Golbasi Depression in the Eastern Anatolian Fault
Zone, morphological features of the Golbasi Lakes (Inekli, Azapli and Golbasi Lakes) have been
examined. The lake, the water is sweet, but not suitable for drinking, because of included in the
karstik tectonic lakes group in terms of formation. The extension of the lake, is east-west direction,
it is seen that there is plateau area after the plain area is found to the south. This area, to determine
for morphological characteristics, soil profiles were opened at 13 different locations. Inekli-1,
Inekli-7, Azapli-1, Azapli-4 and Golbasi-1 profiles, on the ground formed on the main materials
formed around the Golbasi Lakes, and Inekli-2, Inekli-3, Inekli-4, Inekli-5, Inekli-6, Azapli-2,
Azapli-3 opened on materials that were transported to the lake area were profiles between Azapli
and Golbasi Lakes. The soil colors of 43 soil horizons in each professor were determined dry and
wet by using Munsell color scale, soil structures were investigated and the hardness, tackiness and
plasticity properties of the soil were determined by the findings of this study.

Keywords: Golbasi Depression, wetland, soil, morphological property

INTRODUCTION

In this study, wetlands are described as the natural systems which provide service to both
local people and country with constituting the most fertile and the most substantial ecosystems of
the earth. According to Ramsar Convention on Wetlands, wetlands are defined as ‘areas of marsh,
fen, peat land or water, whether natural or artificial, permanent or temporary, with water that is
static or flowing, fresh, brackish or salt, including areas of marine water the depth of which at low
tide does not exceed six meters’ (Ministry of Environment, 2000). Wetlands which have such an
importance have been forced to undergo various changes over time, either naturally or through
human interference (Abact Bayan, 2016). The fertility potential of lands of lake or wetlands which
dried up for any reason and transform into terrestrial environment has affected the factors such as
structure formation, plasticity and capacity of seed germination. It has been stated that aftermath of
drying process of wetlands, whereas structure has not developed; in arid lands dried consistency is
solid and rigid, moist consistency is stiff and very stiff, wet consistency is very sticky and has high
plasticity; this situation has negatively affected plant development (Sari et al., 2003).

In a research conducted in the area of Kestel Lake, since lands are immature soils have
recently reached terrestrial environment, their B horizon could not develop and they are lands with
AC horizons. It has been stated that their colors as morphological distinctive features has generally
values such as 2.5Y 4/2 and 5Y 4/3. It has been determined that clay textures are dominant in the
soil, and the consistency properties of each soil series are very solid when they are dry, very stiff
when they are moist and very sticky and very plastic when they are wet. On the other hand, it has
been established that while structural structures in tillage depth, were strong moderate medium
angular block, strong coarse angular block, strong moderate medium granular, strong coarse
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granular; below tillage depth, they were found as massive for all the profiles. This has been
explained by the fact that the territorial area is young and little or no affected by pedogenesis
(Altunbas & Sari, 2011). In the study on the obtained areas as a result of drying process of Manay
Lake, five soil types with significant differences in terms of physiography and soil relations have
been selected in the agricultural land.

In these soils, they have found that there are four different physiographic units, including
some physical, chemical and morphological features, alluvial fan, alluvial ridge, alluvial terrace and
old lake basin, and five soil series with significant differences in terms of their characteristics and
land use. It has been stated that there are high permeability depends on light and medium texture,
holding low water and nutrient and gravelly interlayers that will prevent root growth on the soil on
the alluvial fan and alluvial back physiographic units among the features that adversely affect the
agricultural production potentials of the soil. It has been established that on the alluvial
terraces,with high clay and lime content, depending on swelling and shrinkage due to vertical
feature, possible physical damage to the plant root system and high clay and lime content, vertical
feature, harmful drainage and high amount of changeable sodium in the old lake basins come to the
fore. It has been emphasized that it is inevitable that there will be no successful results from the
agricultural production practices to be done without considering these properties, as well as serious
deterioration in soil properties and especially the occurrence of alkalinity problem in the old lake
basins (Sari et al., 2003).

Within this study, it has been searched that the morphological characteristics and horizon
descriptions of the lands of Inekli, Azapli and Golbasi Lakes which are among the most significant
wetlands of the Eastern Mediterranean region of Turkey.

MATERIAL and METHOD
Material
Working area and features

Golbasi Lakes located within the borders of Adiyaman province, one of the most important
wetlands of our country, has been determined as the research area.

Golbasi Lakes (Inekli-Azapli-Golbasi), which constitute the most important wetland
between the Mediterranean Region and the Southeastern Anatolian Region, are located in the
Golbasi Depression within the Eastern Anatolian Fault Zone.

The average elevation of the depression ditch in the Northeast and Southwest is 885
m. 1687 hectare area that includes the Golbasi, Inekli and Azapli Lakes has been declared as
"Golbasi Lakes Nature Park" according to the National Parks Law no 2873 and has been protected
and has been still continuing its feature as the wetland ecosystem (Master Plan, 2004).
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Google earth
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Figure 1.The locations of the soil profiles opened in the ovary where Golbasi Lake is located

Climate and hydrological features

In Golbasi Lake and around the lake, as if predominantly a terrestrial climate has been seen,
partly the influence of the Mediterranean climate can be seen. The total precipitation amount is
680.3 mm according to the long-term data, while the lowest temperature is -14.4°C and the highest
temperature is 45.3°C (Master Plan, 2004). As the hydrological characteristics of Golbasi Lake,
there are varying changes in depth and surface of the lake due to annual and seasonal level of
changes in the lake (Biricik, 1994). Golbasi (5 km?), Azapli (4 km?) and Inekli (3 km?) are located
in the depressions of Golbasi Lake depression bed. Golbasi is the biggest in terms of surface area
and Inekli Lake is the smallest. Azapli Lake is located between these two lakes (Akdemir, 2004;
Biricik, 1994).

Geological features

In Adiyaman, there has been Lower Cretaceous Aged Limestone at the bottom and these
lime stones are semi-crystallized and dolomitic. The geological formation existed in Cambrian and
tertiary period, and Golbasi lake as narrow lake basin was changed in the Tertiary Period and it has
come to the current state over time. It has been formed from marls and has been composed of clays
and sandy beds. It has mostly arisen from main marl of the valley, schist, limestone, red and brown
conglomerates.

Golbasi Lake, which has carstic-tectonic origin, is located in a depression ditch in the
Northeast-Southwest direction (Akdemir, 2004). The pit area in which Golbasi, Azapli and Inekli
Lakes is a depression with tectonic origin. This depression is on the Eastern Anatolian Fault Zone,
which is one of the most important extension of tectonic states of the earth crust in Anatolia.

The Golbasi depression and the ophiolitic formations around it are located on the old basic
site belonging to the Permo-Carboniferous. These lakes were affected by large-scale tectonic events
and were later subject to erosion. Over time, the lake waters have been leveled and descended to sea
level. Upper Cretaceous formations are common in Golbasi Lake and around it. Furthermore, in the
west of Golbasi, Holocene alluvium extends northeast-southwest direction (Biricik, 1994). The GPS
coordinates of the lands obtained from the wetlands of Golbasi Lakes, the altitudes from the sea
level and the vegetation are shown in Table 1.
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Table 1. Inekli Lake (I), Azapli Lake (AZ), Golbasi Lake (GB) Coordinates of the profiles opened in the wetlands,
elevations and vegetation

Profile No Coordinates Altitude Vegetation
E N m
Inekli-1 17368120 1176930 901 Weed
Inekli-2 17369158 1174285 884 Wheat field
Inekli-3 17366942 1175759 882 Weed
Inekli-4 17368025 1176701 877 Reeds
Inekli-5 }7368220 1176607 868 Inside the natural site
Inekli-6 }7369193 1172440 877 Reeds
Inekli-7 }7366827 1176358 892 Attack
Azapli-1 37372527 1180376 883 Plowed area
Azapli-2 }7371149 1179536 870 Alfalfa-meadows
Azapli-3 J7374751 1179974 878 Reeds end point
Azapli-4 }7373229 1177539 893 Wheat field
Azapli-Golbasi J7377059 1181419 886 Cultivated area
Golbasi-1 17380429 1184168 884 Weed
Method

In research area, coordinates of sample points have been determined by means of GPS, with
cross-sectioning the lake face and soil profiles have been opened. As far as possible, the main
material has been tried to reach in opened profiles and horizon identification has been made. The
geographical coordinates of the sample points have been determined by GPS. In Inekli, Azapli and
Golbasi Lakes, thirteen soil profiles have been opened, 43 soil horizons have been obtained and the
horizon has been identified by morphological examination according to the standard procedure of
(Master Plan, 2004). Munsel color scale and 10 % hydrogen chloride (HCI) have been used for total
calcium carbonate (CaCOs;) control, for determination of the color from the morphological
characteristics of the soils. All horizons found in each profile have been examined and identified.

In accordance with principals which have been declared by Jackson (Jackson, 1962), soil
samples have been taken and they have been dried in laboratory environment. After filtering them
by 2 mm sieve, value of water saturation (Demiralay, 1993), soil reaction (Thomas, 1996) and
electrical conductivity (Tuzuner, 1990) contents have been determined.

RESULTS and DISCUSSION

The results obtained in this study carried out in order to search the morphological
characteristics of the soils formed in the wetlands of the Inekli, Azapli and Golbasi Lakes in Eastern
Mediterranean Region are shown in Table 2. When the table is examined, Inekli-1, Inekli-7, Azapli-
1, Azapli-4 and Golbasi-1 profiles have been opened above soils which were arisen from main
materials in Golbasi Lake and its surroundings; Inekli-2, Inekli-3, Inekli-4, Inekli-5, Inekli-6,
Azapli-2, Azapli-3 and profiles between Azapli-Golbasi have been opened above the materials
which have been transported to the lake area. It has been found that the average pH values of Inekli
Lake soils is 7.66 and the total salt content value is 0.13 % and the pH values of Azapli is 7.95, total
salinity value is 0.09 %. It has been determined that the pH values of Golbasi Lake soil is 8.01 and
total salinity value is 0.05 %. It has been determined that horizons in profile Inekli-1 have a
sequence of A1/A2/A3/C. It has been observed that when the soil is dry, its color is reddish; when it
is moist, its color is dark brown. While the structure of the upper horizons is weak, small and
granular, the lower horizon is determined as massive.

The profile soil is very rigid when it is dry; slightly sticky and plastic when it is wet. It has
been observed that as the surface is turned from the horizon towards the lower horizons, the rate of
sandiness and gravel increases. It has been observed that the Inekli-2 profile horizons have a

7



EURASIAN JOURNAL OF AGRICULTURAL RESEARCH

sequence of A/AC/C. The soil color has been determined as between reddish and brown when it is
dry and it is very dark brown to dark reddish when it is moist. While the structure of the upper
horizons is determined as weak, small and granular, the lower horizon is determined as medium,
medium and granular. While soils are dry their structure is rigid, sticky and plastic when they are
wet. Microbial activity is very dense in the surface horizon and this density disappears as it goes
down to the lower horizons.It has been determined that the Inekli-3 profile horizons have a
sequence of A/B/CB/C. While the soil color was dry, it was dark gray with a pale green color, while
it was moist when it was between black and dark gray. The structure of the profile soil is defined as
weak, small and semi-angular block. The profile soil is very rigid when it is dry; very sticky and
very plastic when it is wet. It has been observed that plant root was seen very intense in the surface
horizon. It has been determined that horizons in profile Inekli-4 have a sequence of A/AC/C. The
soil color was light yellowish brown while it was dry and dark brown when it was damp. While the
structure of the upper horizons is medium, small and granular, the lower horizon is determined as
massive. While soils are dry their structure is very rigid, very sticky and very plastic when they are
wet. On the surface horizon, the plant root was quite intense.lIt is found that the horizons in profile
Inekli-5 have a sequence of Oa/Oe/C. The soil color was black when dry, and black and brown
when it was moist. While the structure of the upper horizons is medium, small and granular, the
lower horizon is determined as massive. While soils are dry their structure is very rigid, slightly
sticky and slightly plastic when they are wet. Plant roots and mussel shells in the all horizons were
quite intense. It has been determined that horizons in profile Inekli-6 have a sequence of
A/AB/B/CB/C. When the soil color was dry, it was observed to vary between gray to light brown
and moist to black to dark gray.

The structure of the upper horizons is weak, small and granular, and the lower horizon is
massive. The soil is very hard when it is dry, very sticky and very plastic when wet. It is found that
the horizons in profile Inekli-7 have a sequence of Ap/AC/C. The soil color was brown when it was
dry, dark brown when it was moist.

The structure of the soil is weak, small and granular. The soil is loose when it is dry, very
sticky and very plastic when wet. It has been determined that horizons in profile Azapli-1 have a
sequence of A/AC/C. The soil color was light brown while it was dry and yellowish brown when it
was moist. It is determined that the soil structure is weak, small and granular in the surface horizon
while the middle and bottom horizons are massive. Soils vary from loose to hard while dry, slightly
wet and slightly plastic. It has been observed that the Azapli-2 profile horizons have a sequence of
AJ/AC/C. It was determined that the soil color changed from gray to light brown while it was dry
and dark brown when it was moist. The soil structure is determined to be weak, small and granular
in the surface horizons and massive in the bottom horizon. Soils vary from loose to hard while dry,
very wet and very plastic. Rust spots were seen in the middle and lower horizons.It has been
determined that horizons in profile Azapli-3have a sequence of Ap/A/AC/C. It was observed that
the soil color changed between light gray and brown while it was dry and dark grayish brown when
it was moist. Soil structure; Small, and block in the surface horizon, weak, small and granular in the
middle horizons, and massive in the bottom horizon. The soil is very hard when it is dry, very sticky
and very plastic when wet. In all the horizons there were quite intense mussel shells. It is found that
the horizons in profile Azapli-4 have a sequence of A/AC/C. The soil color was light yellowish
brown when dry and brown when moist. The soil structure was determined as weak, medium and
semi-angular block in the surface horizon, weak, medium and granular in the middle horizons, and
massive in the bottom horizon. The soils are very hard when dry, very sticky and very plastic when
wet. Azapli-Golbasi profile opened between Azapli Lake and Golbasi Lake. It has been determined
that horizons this profile has a sequence of A/AC/C. The soil color was brown when dry, dark
brown when it was damp. The soil structure is weak, small and granular on the surface horizon,
weak, middle and block on the middle horizon, weak, small and block on the bottom horizon. The
soils are very hard when dry, very sticky and very plastic when wet. Golbasi-1 profile is opening in
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the Golbasi Lake area. It is found that the horizons in profile has a sequence of A/C. The soil color
was dark brown when dry, while it was found to be between reddish brown and damp. It is seen that
the soil structure is massive. Soils are dry, loose, wet and not sticky and plastic.

Golbasi Lakes have been conserving the current natural situation of the lands of the lake face.
It has been evaluated that the clay level is higher than other areas in Golbasi region where the
natural conditions have been at least deteriorated as a sign that the natural state of water and thin
matter transport is higher in the lost areas due to erosion. In other words, while the water in the area
is draining through drainage channels, the materials in the form of clay are removed from the area.
In this research, average saturation value of the lands of the Inekli, Azapli and Golbasi Lakes is 76.4
%, the average pH value is 7.78, and the total salt value averagely is 0.12 % have been estimated. It
has been observed that in the C horizon of the Inekli-5 profile, the saturation and total salt value of
the soil is high and the pH value is the lowest. Saturation and total salinity values have been found
as the lowest in GB-1 profile, with the lowest percentage of silt and clay, and percentage of sand is
ranked as the highest. The highest pH value of the soil has been seen in the Inekli-6 profile C
horizon. When the average values of the Golbasi Lake soils are taken into consideration, it has been
determined that pH is in the saline class of mild alkali and salinity class (Table 2). Soil reaction is
important for plant growth, and pH has a major impact on the plant’s intake of nutrients and the
water solubility of toxic ions, and the activity of microorganisms (Yaras & Dasgan, 2012).  The
pH level of soil affects many physical, chemical and biological events that occur directly or
indirectly in the soil (Foy, 1992).
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Table 2.Morphological characteristics of the soil of research areas

Horizon Dapth Color Structura Consistency Cualifications
{cm) (Dirw, Humid) Do Humid, Wat) featuras
In=kli Lake (Profila Ho: I-T)
Al 0-15 D10 YER&3 MI0YR3IS 1fer vh, fr, 55, mp grg. pb {1-2 mm)
A2 15-39 DIOYRE6E3 MIOYE3IA 1fsbk vh, fr, ns, 5p ¢rg. pb (3-10 mm)
Al 39-69 D5YR35/6 MIYRIM 1fer vh, fr, 55, 5p grg. pb {1-2 mm)
C +59 DI0OYRS56 M7 5YE4/6 k vh, fr, 55, 5p cm.ph,
Inskli Lake (ProfilaMo: I-2)
A 0-17 D75 YR 4/4 M75¥YR33 1fer sh, fr, 55, sp grg. ba (1-2 mm)
AC 17-30 D5YR 44 M35YR3IA 1fer so, fr, vs, vp grg (1-1 mm)
C +30 DYE4/3 M3YRIM Imer 1.]1: fr, vs, vp crg (2-5 mm)
Inskli Lake (ProfilaMo: I-3)
A 0-12 D25Y 41 M2Z5Y 2] 1fbk vh, fr, ms, sp £1g. pr {3-10 mm)
B 12-28 D25Y 41 M2Z5Y 221 1fbk vh, fi, vs, vp grg (3-10 mm)
CB 18-42 D3Y 51 M3IY 3 1ibk vh, fi, vs, vp ¢rg (3-10 mm)
C 2 D25Y63 M25Y 44 1fbk vh, fi, vs, vp grg (3-10 mm)
Inzkli Lake (ProfilsMo: I-4)
A 0-26 D25Y 63 M 10 YE 33 2fer vh, fr, 55, 5p £1g. pr (1-2 mm)
AC 26-60 D25Y 64 M 10 YE 34 Ifer vh, fr, vs, vp cm, pr {1-2 mm)
C +60 D25Y63 M 10 YR 31 k vh, fi, vs, vp ¢mg. pr{1-2 mm)
Inslkli Lake (Profils No: I-3)
Oa 0-10 D25%Y251 M 10 YR 2/1 Ifer vh, fi, ns, np £I0. pr, ms {1-2mm)
O= 10-18 D25Y63 M25Y 43 2fer vh, fr, 55, sp £rm. pr. ms (1 -Jmm)
C +18 D53Y 2352 MI5Y L1 k vh, fr, 55, sp £In. ms
Inakli Lalka (ProfileNo: I-6)
A 0-20 D10 ¥R 5/1 M75YR 2,31 1fer vh, fr, vs, vp cm (1-2 mm)
AB 20-32 D10 YR 4/2 M 10 YR 3/1 1fer vh, fr, vs, vp grg (1-1 mm)
B 32-42 D75YR351 M25Y 2.3 1fer vh, fr, vs, vp grg (1-1 mm)
CB 42-60 D7.5YR5/1 M75YRI1 1fer vh, fr, vs, vp crg (1-2 mm)
C +60 D257 51 I-.I"“\"l 53 k vh, fr, vs, vp oo
Inekli Lake (Profile Mo: I-T)
Ap 0-17 D10 YR 6/4 M 10 YR 3/6 1fer sh, fr, vs, mp crg (1-2 mm)
AC 17-27 D75 YR 4/4 M 10 YR 33 1fer sh, fr, vs, vp grg (1-1 mm)
C +27 D7.5YR 54 M75¥YR33 1fer 1.]1 fi, vs, mp crg (1-2 mm)
Azaplilake (Profile No: AZ-1)
A 0-13 D10 YR &/2 M 10 YE 4/6 1fer sh, fr, ms.mp grg (1-2 mm)
AC 13-25 D10 YR &/3 M 10 YE 4/6 k b. fr, ms, mp £In
C +23 D25Y 73 M 10 YE 5/6 k vh, fi, 55, mp oI
Araplilake (Profils No: AF-2)
A 0-11 D25Y 61 M25Y33 1fer sh, fr, 55, sp grg (1-1 mm)
AC 11-27 D25Y 5% M23Y32 lfer sh, fr, vs, sp g (1-2 mm)
C 27 D25Y &8 M 10 YR 34 k b, fr, vs, mp cm
Araplilake (Profils No: AF-3)
Ap 0-28 D237 31 M23Y32 1fsbk vh, fr, vs, vp grm. ms (3-10 mm)
A 2B-42 D25Y 71 M 10 YE 42 1fer vh, fr, vs, vp £IO. ms "1 2 mm)
AC 42-60 D25Y 71 M25Y52 1fer vh, fr, vs, vp g1, ms (1-2 mm)
C +60 DY M25Y 4 2 k vh, fi, vs, vp £In. ms
Azaplilaks (Profils Mo: AT-4)
A 0-16 D10 YR 6/4 M 10 YE 4/3 lmbk vh, fr, vs, vp grg (10-20 mm)
AC 16-32 D10 YR 54 M 10 YE 4/3 lmer b. fr. vs, vp grg (2-5 mm)
C +32 D2I5Y 63 W10 YE 4/4 k b, fr, vs, vp £
Azapli Lake- Golbasi Laks (Profils No: AZ-GE)
A 0-21 D75 YR 42 M75¥YR33 1fer vh, fr, vs, vp ¢rg. pb {1-2 mm)
AC 21-48 D75 YR4/3 M7T.5 YR 3 lmsbk vh, fr, vs, vp g, pb (10-20 mm)
C +HB D75YR4/3 M75¥YR33 1fsbk vh, fi, vs, vp ¢, pb (53-10 mm)
Golbasi Laks (Profile No: GE-1)
A 0-70 D5YR33 M75¥YR33 k shfr.ns.np ¢rg. pb (1-2 mm)
C +70 D25YR3A3 M25YR53 k shfrns.np ¢m. pb

Type of s0il strocture: shk-round comer block, bk-comer block, pt-plak, gr-granular, k-massive, sg-monolithic stroctoss; srade: 1-wesk, 2-medivm,
3-strong, class: fsmall, m-medinm, c-muds; consistency: so-soft, sh-z bit hard, h-hard, vh-very hard, f-looss, fi-tight, ns-not sticky, ss-slightly
sticky, ms-sticky, vs-very sticky, np-not plastic, sp-some plastic, mp-plastic, vp-very plastic, cm-carbonate masses, ba-biological activity, pb-
pebbles, ms-mussel shells, pr-plant root (S04l Suoeey Manuel, 19933

CONCLUSION

In this study, the soil of the wetlands of Inekli, Azapli and Golbasi Lakes in the Eastern
Mediterranean Region has been analyzed. In total, 13 soil profiles have been opened in the research
area of the study, 43 soil horizons have been defined in order to determine the morphological
characteristics of soil on the degraded soil samples which have been taken from these horizons.
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The research area has been evaluated as a sign that the degradation of the natural state of the
soil is the least, and that it is lower in the areas that conserve the natural state of transport of water
and thin matter due to erosion. It has been stated that the soil color of the Inekli Lake is gray,
reddish and brown when it is dried; when it moist, the color is black, dark brown and dark gray. The
soil structure has been found as weak, small, granular in the upper horizons and massive in the
lower horizons. It has been observed that the soils are very solid when it is dry; very sticky and very
plastic when it is wet. It has been also stated that plant roots and microbial activity are concentrated
in the surface horizons of this area; the color of Azapli Lake is light brown when the soil is dry; the
color is dark brown when it is moist. It has been found that the structure is generally weak, small
and granular while it is massive at lower horizons. It has been mentioned that when the soil of
Azapli Lake is dry, it is rigid; when the soil wet, it is very sticky and very plastic.

It has been determined that the color of Golbasi Lake is dark brown when the soil is dry;
when it is moist, color of soil is reddish brown and the structure of the soil is generally massive;
when it is dry, it is loose; when it is wet and it is sticky and not plastic. It has been seen that the pH
value and the Golbasi Lakes which has distortion rate and maintains the wetland characteristics of
the current condition is mildly alkaline and the total value of salinity is alkaline. This leads to the
formation of an idea that the pH and the salinity values of soils are related to the elevation of the
researched areas. The salinity of the soil is less in the soil of Golbasi Lakes. It is related to the land
use as well as the geological location, as the area land is related to less decomposition.

As a result of all the morphological analyzes carried out in this research, it has been
concluded that the soil failure is low and the soil of Golbasi Lakes which have been conserved by
the Ministry of Forestry and Water Affairs maintain their wetland characteristics at a better level
than the other lake areas. It has been determined that there are many factors which limit the
agricultural production in the soil as a result of drying process of the wetlands.

It has been obtained as a result of this study that these fields do not provide the desired
economic contribution to the people living in the region with the gaining these lands to the
agricultural production, on the contrary the benefits obtained from wetlands are loss.

ACKNOWLEDGMENTS

This study is a part of the 2013/2-32 D project which is supported by Kahramanmaras Sutcu Imam
University Scientific Research Projects Coordination Unit. This article was presented at
International Conference on Agriculture, Forest, Food Sciences and Technologies (ICAFOF) held
in Cappadocia / Nevsehir on May 15-17, 2017.

REFERENCES

Abaci Bayan A.A. 2016. Soil characteristics, efficiency levels and problems of wetlands in  the
eastern mediterranean region. Kahramanmaras Sutcu Imam University, Institute of ~ Science,
Department of Soil Science and Plant Nutrition, Doctorate thesis.

Akdemir 1. O. 2004. Golbasillcesinin (Adiyaman) Human and Economic Geography, PhD
Thesis, Firat University, Institute of Social Sciences, Geography Department.

Altunbag S. Sar1 M. 2011. Relations Between Some Physical Properties and Production
Potentials of Soils Gained from Dried Kestel Lake, Akdeniz University, Journal of
Agricultural Faculty, 24(1):61-65.

Biricik S.A. 1994. “Golbasi Depression". Turkish Geographic magazine Issue:29, Istanbul.
pp:53-8.

Ministry of Environment, Right Environment for the year 2000. TBMM Environment Research

Commission Report (10-15) Ankara.

11



EURASIAN JOURNAL OF AGRICULTURAL RESEARCH

Demiralay 1. 1993. Soil Physical Analysis. Atatiirk University Agricultural Faculty ~ Publications

No: 143, pp: 131, Erzurum.

Foy C. D. 1992. Soil chemical factors limiting plant growth. In: J. L. Hatfield and B. A.
Stewart (eds.), Limitations to Plant Root Growth. Adv. Soil Sci. 19:97-149.

Sari M., Altunbas S., Sonmez N. K. & Emrahoglu 1. 2003. Properties and Potential
Productivities of Old Manay Lake Area Soils on Different Physiographic Units. Akdeniz

University Journal of Agricultural Faculty, 16: 7-17.

Sari M., Altunbas S. & Yildiran M. 2000. Determination of the Characteristics of the Wastes from

the Kestel Lake Area Driven in the Lakes Region The Ministry of Environment, General

Directorate of Environmental Protection Research Report, Ankara.

Soil Survey Manuel. 1993. Soil survey manual. USDA handbook No. 18. Washington, USA.

Master Plan. 2004. Ministry of Agriculture and Welfare, Project for the Preparation of Provincial

Agriculture and Rural Development Master Plans, Adiyaman Agriculture Master Plan,

December.

Thomas G.W. 1996. Soil pH and Acidity. pp:475-491. In D.L. Sparks (ed) Method of Solil
Analysis: Chemical Methods. Part 3. SSSA, Madison, WI.

Tuzuner A. 1990. Soil and Water Analysis Laboratories Manual. Republic of Turkey Ministry
of Agriculture, Forestry and Rural Affairs General Directorate of Rural Services. pp:21- 27.

Yaras K. & Dasgan H. Y.2012. The Effect of Micronize-Bentonite-Sulfur and Organic Matter
Applied to Soil in Greenhouse Conditions on Soil pH, Tomato Plant Growth, Yield and Fruit

Quality. Agricultural Science Research Journal 5 (1): 175-180.

Jackson M. L. 1992. Soil Chemical Analysis, Prentice-Hall Inc, 183.

12



EURASIAN JOURNAL OF AGRICULTURAL RESEARCH

A Software Development for Real Time Spray Control System in Herbicide
Application

Omer Baris OZLUOYMAK"", Ali BOLAT?, Ali BAYAT?, Emin GUZEL'

! Cukurova University, Faculty of Agriculture, Department of Agricultural Machinery and Technologies Engineering,
Adana/Turkey
2 Republic of Turkey, Ministry of Food Agriculture and Livestock, Eastern Mediterranean Agricultural Research
Institute, Adana/Turkey

*Corresponding Author: ozluoymak@cu.edu.tr

Abstract

Advances in different technologies, such as high-resolution vision systems, innovative sensors and
embedded computing systems, are finding direct application in agriculture. In precision farming,
image analysis technigques can aid farmers in herbicide applications, and thus lower the risk of soil
and water pollution by reducing the amount of chemicals applied. Optical sensors and computer
vision, which can be used in automated weed detection and control spray systems, are being used in
recent years extensively. A real-time auto tracking and determination system for weed detection and
spray on/off were designed, built and set up in the laboratory at the Department of Agricultural
Machinery and Technologies Engineering of Cukurova University. In this study; to get the target
images, a web camera, mounted at a height of 50 cm above the target object was used. During the
start of the weed tracking operation, the web camera captured images of the artificial weeds.
Developed software, which could be reprogrammed and adjusted according to the user preference,
was created by using LabVIEW. Weed coverage was determined from each image by using a
“greenness method” in which the red, green, and blue intensities of each pixel were compared. The
sprayer nozzle was turned ‘on’ or ‘off” by using a data acquisition card and a relay card, depending
on the green color pixels of weeds. The sprayer valve opened the nozzle when the camera detected
the presence of weeds. Image processing performance of this system, in where nozzle and camera
were mounted at a stationary position while weeds were on a movable belt, was tested at the
different speeds of conveyor belt consisted of an inverter drive system and 3 phase 4 pole electric
motor. The laboratory performance evolution revealed that the system could detect the weeds
successfully and could be used to decrease the herbicide quantity.

Keywords: Image processing, LabVIEW, Machine vision, Weed detection

INTRODUCTION

Weed control is a significant issue in agricultural crop production (Slaughter et al., 2008;
Loni et al., 2014). Nowadays, there is a clear tendency of reducing the use of chemicals in
agriculture. Numerous technologies have been developed trying to obtain safer agricultural products
and lower environmental impacts.

The concept of precision agriculture provides a valuable framework to achieve this goal
(Blasco et al., 2002; Tellaechea et al., 2008; Wan Ishak & Abdul Rahman, 2010; Sabanci & Aydin,
2017).

Especially, research on weed-sensing technologies, sensor fusion and selective crop
management with herbicides or others control treatments have progressed significantly (Gonzalez-
de-Soto et al., 2016). In addition to the technical realization of weed detection and site specific
spraying, the economic benefit of precision weed management is important (Timmermann et al.,
2003).
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Detection and localization of weeds in the field, is one of the most challenging tasks for
automatic weeding. Machine vision is a smart method that can be used to detect and track weeds.
Tangwongkit et al. (2006) applied basic mechatronic and machine vision principles to develop a
variable rate herbicide applicator to optimize the herbicide application rate corresponding to the
amount of weeds by using Borland C** builder program. Sabanci & Aydin (2017) stated that the
weeds on sugar beet fields were detected using image processing techniques and a model for
variable level spraying liquid application was actualized. The spraying liquid was applied only to
the detected plants instead of the whole field with the PLC controlled system. Yang et al. (2003)
reported that a digital camera was used to take a series of grid-based images covering the soil
between rows of corn in a field. Weed coverage was determined from each image using a
“greenness method” in which the red, green, and blue intensities of each pixel were compared.
Weed coverage and weed patchiness were estimated based on the percent of greenness area in the
images. This information was used to create a weed map. Using weed coverage and weed
patchiness as inputs, a fuzzy logic model was developed for use in determining site-specific
herbicide application rates. MATLAB was used to develop the fuzzy logic algorithm. Sabanci &
Aydin (2014) stated that the weeds between rows in sugar beet fields were determined by using
image processing techniques and a model of variable level herbicide application was applied on
them with precision spraying robot developed by MATLAB. Shirzadifar et al. (2013) reported that a
real-time, site-specific, machine-vision based, inter-row patch herbicide application system was
developed and evaluated. The image frames were processed by LabVIEW and MATLAB. The
developed algorithm, based on weed coverage ratio and segmentation method for separating soil
from plants, was chosen to be 2G-R-B. Wan Ishak & Abdul Rahman (2010) stated that a machine
vision technology was developed to identify weeds in the outdoor environments. The automated
sprayer system was developed using the combination of the electromechanical system, controllers,
and the software. The graphical user interface (GUI) software, which was used to control the whole
automatic system, was developed by Visual Basic programming. Tian (2002) reported that the
smart sprayer, a local-vision-sensor-based precision chemical application system, was developed
and tested. This research integrated a real-time machine vision sensing system and individual nozzle
controlling device with a commercial map-driven-ready herbicide sprayer to create an intelligent
sensing and spraying system. Jafari et al. (2006a) stated that the relation between three main
components (red, green & blue) of the images, which constitute the true color of different plants
have been extracted from image data using discriminant analysis.

300 digital images of sugar beet plants and seven types of common sugar beet weeds at
different normal lighting conditions were used to provide enough information to feed the
discriminant analysis procedure. Discriminant functions and their success rate in weed detection
and segmentation of different plant species have been evaluated. MATLAB was used for algorithm
development. The objectives of this study were to develop a real-time site-specific spraying system,
based on machine vision technology by using LabVIEW and to evaluate the developed system
under laboratory conditions.

MATERIAL and METHOD
Material

The weed management system was consisted of a camera, an image acquisition and
processing system, a data acquisition device (National Instruments, NI USB-6009), a relay card, a
solenoid valve, a spray nozzle and other necessary hardware. The site-specific herbicide application
system was only developed for a single row. The image of artificial weed frames were captured by a
webcam (Logitech C270) and sent to a laptop computer (Acer, Aspire, 4830TG) through a USB
port. The imaging system equipment and working values are given in Table 1. LabVIEW was used
as image processing and automation program.
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Table 1. Equipment and working values of the imaging system

amera ensor xel size 1sor size  |length faximum 'orking d of view
2solution stance
)gitech CMOS 28um 358mm 4mm ’80x 720 500 mm 60°
'Webcam (square) X t the full
2.02 mm frames

Image processing performance of this system, in where nozzle and camera were mounted at a
stationary position while weeds were on a conveyor belt, was tested at the different speeds of
conveyor belt consisted of an inverter drive system and 3 phase 4 pole electric motor. The site-
specific spraying system as a prototype developed in this study was shown in Figure 1.

CONVEYOR BELT

Figure 1. Prototype of real time spray control system developed in this study

Method

Each pixel of the image has three color components, which are red (R), blue (B) and green
(G). Since the image pixels corresponding to plant leaves have a greater G component as compared
to R and B, the segmentation method for separating soil from plants was chosen to be “2G-R-B
(greenness method)” (Jafari et al., 2006b; Shirzadifar et al., 2013).

The segmentation method for separating conveyor belt background from artificial weeds
was chosen to be “2G-R-B” because artificial weed image pixels have a greater G component than
R and B components (Figure 2).
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Digital Image
Acquisition
|
RGB

No Spraying

Figure 2. Flowchart of the image processing software

Anrtificial weed, which its pixels are larger than a preset threshold value, was tracked by the
system. While it was moving on the conveyor belt, its x and y coordinate information were taken
instantaneously. Spraying process was carried out by activating the solenoid valve while the
artificial weed passing under the predefined coordinates in the system. The spraying continued
according to the predefined coordinate values. The camera was mounted at a height of 50 cm above
the artificial weed to get the images for experiments for which LabVIEW was used.

Evaluation of the Image Processing Algorithm

In this developed system, the artificial weed samples were separated into two categories as
‘detected” and ‘undetected’ to evaluate the performance of the greenness method. It is very
important that the system can distinguish the artificial weed and conveyor belt surface from each
other. Correct determining and tracking has shown the performance of the image processing
algorithm.

Laboratory Tests

The system was designed, built and set up in the chemical application laboratory at the
Agricultural Machinery and Technologies Engineering Department of Cukurova University. It was
tested to evaluate spraying accuracy of the sprayer at eleven conveyor speeds of 0.5, 0.75, 1, 1.25,
1.5, 1.75, 2, 2.25, 2.5, 2.75 and 3 km/h by using LabVIEW software program. The weed samples
were being placed one by one manually on the conveyor belt. For each trial, a total of 100 artificial
weed samples were used when making experiments.

Real-time auto tracking and spraying of artificial weed samples in the laboratory was shown
in Figure 3. Only tap water was used as spraying liquid.
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Figure 3. Real-time auto tracking and spraying of artificial weed sample in the laboratory

The system performance accuracy was calculated according to the conveyor belt speed for
each test as shown in Equation 1. Each test was carried out three times to confirm the reliability of
the system.

A
System Performance Accuracy (%) = 7 X 100 D

In where, A is the artificial weed samples sprayed by the sprayer nozzle and B is the total
number of artificial weed samples.

RESULTS and DISCUSSION

According to the results, artificial weed detection and tracking accuracy was determined by
the greenness method. The effect of travel speed of the artificial weeds on conveyor belt was
significant on system performance accuracy (Figure 4). The magnitude of spraying delay
significantly increased by increasing travel speed. Several factors such as camera quality, solenoid
valve response time, system pressure fluctuations resulting from sudden opening and closing of
spray nozzles are considered to be responsible for the application delays observed in these tests.
Reductions in the sprayed area could be attributed to the larger spraying delays at higher travel
speeds. As shown in Figure 4, while identification and tracking efficiency of the system is %100 up
to 2.75 km/h, maximum effective operating speed of the system has determined up to 1.5 km/h.
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Figure 4. Test results of artificial weed tracking and spraying accuracy at various travel speeds
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CONCLUSION

A real time, machine-vision based, site-specific, inter-row spraying system prototype was
developed and evaluated in herbicide application. LabVIEW software was used by developing
image processing and automation algorithms for this system. The accuracy of the tracking and
spraying performance increased at lower travel speeds. High tracking, detection and timing
accuracies are the most important advantages of this system. The laboratory performance evolution
showed that the proposed system could successfully detect the weeds and could be used to decrease
the herbicide quantity. It is obvious that it will provide economics in the use of herbicides when
compared to conventional spraying method in the eradication of weeds. Such a system will be both
environmentally friendly and cost effective. This study will be a model for researchers, who aim to
work on similar topics, and it will have a positive effect on system design in similar areas.
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Abstract

Plant pathogenic fungi may cause crop losses that affect the world economy. Although one of the
most effective ways to combat plant pathogens is a chemical control, alternative methods have
become necessity as a result of environmental pollution and residue problems caused by pesticides
used in agriculture. The mechanism of RNA interference (RNAI) has been developed to completely
prevent or decrease the production of protein which is an expression of a specific gene. Due to the
degeneracy of mRNA chain which is complementary of double-stranded RNA (dsRNA) entered
into cells is prevented the production of protein. RNA silencing is very important for many
organisms and microorganisms. This natural phenomenon can be exploited to control agronomically
relevant plant diseases, based on the demonstration that in vitro feeding of dsRNA can signal Post
transcriptional gene silencing (one of the RNA silencing methods) of target genes in various plant pests and
pathogens, such as insects, nematodes and fungi. In other words, as well as determining a function of
specific gene and developing of new plant various, RNA silencing was also begun to use for
developing resistant plant varieties against biotic and abiotic factors by the suppression of gene
expression. This biotechnological method, termed host-induced gene silencing (HIGS), has emerged as a
promising alternative in plant protection because it combines high selectivity for the target organism with
minimal side effects, as compared with chemical treatments. In recent years, the significant
developments related to the use of HIGS in management against plant pathogenic fungi (Puccinia
striiformis f.sp. tritici, Blumeria graminis, Fusarium verticillioides etc.) was obtained. In this
review, it is mentioned from the mechanism of HIGS and studies related to the use against plant
pathogenic fungi.

Keywords: dsRNA, HIGS, mRNA, PTGS, fungi, pathogen

INTRODUCTION

Every year in the world, about 31-42% of the products produced due to diseases, harms and
weeds are destroyed. When total loss is considered to be 36.5%, of which 14.1% is estimated from
plant diseases, 10.2% from insects and 12.2% from foreign grasses (Agrios, 2005). Due to various
problems such as rapid population growth, climatic changes, decreasing of water resources day by
day, the need for food has become unable to supply. For this reason, the loss of crops caused by
diseases, pests and weeds should be minimized. Therefore, the struggle is an inevitable. One of the
most effective ways to combat plant pathogens is to use resistant varieties. The use of resistant
varieties is at the forefront as an economic application.

However, it can take many years to obtain resistant varities with traditional breeding
methods. For this reason, some researchers think that modern breeding methods (cloning,
characterization, genetic transformation of resistance genes) can be used for such problems (imriz et
al. 2015). It is necessary to include some biotechnological applications such as gene silencing in
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breeding programs in order to obtain high quality yields and to train disease resistant plants
(Mmeka et al. 2014).

Gene silencing or gene inactivation which is a modern breeding method is occured in all
eukaryotes from yeasts to mammals and it is a regulatory mechanism affecting gene expression
(Giindogdu & Celik, 2009; Baumberger & Baulcombe, 2005). This mechanism is actually a natural
process and is used to defend living organisms against foreign nucleic acid molecules (such as virus
nucleic acids, transposons) (Giindogdu & Celik, 2009). Gene silencing is named differently
depending on the species. It is termed co-suppression in plants, RNA interference (RNAI) in
animals and quelling in Neurospora crassa (Duan et al. 2012). The phenomenon of gene
silencing plays a role in cellular defense by protecting a plant or animal cell against the invasion of
mobile genetic elements (Aras et al. 2015).

RNAIi silencing is a natural event in eukaryotic organisms, and is also used in a variety of
biotechnological systems to suppress the expression of endogenous genes by using synthetically
produced non-coding RNAs (ncRNAs) which is 21-28 nt in length (Ruiz-Ferrer & Voinnet, 2009).
In other words, RNA. silencing, a post transcriptional gene silencing (PTGS) mechanism, occurs in
the presence of double-stranded (dSRNA) molecules that are complementary to a gene. In this way
expression of the target gene is reduced or completely eliminated due to the messenger-RNA
(mRNA) degrade (Armas-Tizapantzi & Montiel-Gonzalez, 2016). After all these developments, the
interest of the scientific world has focused on RNAI, examining the functions of genes and
determining the functions of genes for which we do not know how to function.

In Figure 1, RNAI mechanism is explained. During the RNAI mechanism, the sequence
RNA complementary to the target mMRNA binds to the significant sequence of the mRNA on the
RISC factor (RNA-Induced Silencing Complex), a nuclease-active RNA multi-protein complex.
The gene silencing is controlled by the RISC factor. The mRNA which interacts with the protein
named 'Argounate’ in the RISC factor is recognized and cleaved by the enzyme 'Dicer’ which is a
ribonuclease in the RNase -I11 family and thus the gene silencing occurs. The RNAI mechanism, in
other words the gene silencing mechanism, is carried out by two types of molecules in eukaryotic
organisms (Aras et al. 2015). Gene silencing is carried out by molecules called small RNA
molecules, which are classified in different forms such as short interfering RNAs (siRNA),
microRNAs (miRNAs), tRNA-derived RNA fragments (tRFs) and Piwi-interacting smallRNAs
(piIRNAS). In plants, sSiRNA and miRNA are the best known and studied species of these molecules
(Cristiano & Dean, 2012).

Gene silencing mechanisms are based on the degradation of the target mMRNA using siRNAs
or shRNAs or the suppression of the translation of a specific mMRNA using miRNAs (Keefe, 2013).
Although miRNAs and siRNAs are very similar to each other, there are some differences between
them.

While miRNA is responsible for regulating endogenous genes, siRNA is responsible for
maintaining genomic integrity. miRNA precursor is single stranded RNA (single strand: sSRNAS)
in hairpin structure and siRNAs precursor are long dsSRNAs (Aras et al. 2015).

More recently, artificial microRNA technology has also emerged to block gene expression
in plants (Ossowski et al. 2008). Artificial microRNA and siRNA technology is used to block gene
expression in plants. In recent years, the use of vectors producing intron-containing hairpin RNA
constructs in RNAI studies has increased in plants (Xu, 2010).
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RNAI mechanism was first explored by Napoli and colleagues in 1990 by transferring genes
encoding color to petunia. In this study, it was attempted to obtain darker purple petunias by
promoting chalcone synthase (chs) genes. But the result is not as expected. As a result of silencing
of the endogenous genes synthesizing the chs gene , petunias, which are either white or somewhat
white or purple, are obtained instead of dark purple colored petunias (Napoli et al. 1990). This is
called co-suppression or post transcriptional gene silencing (Armas-Tizapantzi & Montiel-
Gonzalez, 2016). Fire and Mello (1998) injected dsRNA into the gonads of Caenorhabditis elegans,
indicating that target genes were silenced.

RNA silencing is important for the investigation of the functions of genes. Suppression of
gene expression through silencing of RNA has become important not only in researching gene
function, but also in fighting plant diseases (Yin & Hulbert, 2015). In addition to viruses,
organisms living in or interacting with the host, such as bacteria, nematodes, insects and parasitic
plants, are also sensitive to small RNAs (SRNA) produced by the host and targeting foreign
transcripts.

This method, called ‘Host Induced Gene Silencing’ (HIGS), has begun to be seen as a hope
light in combating plant diseases. The genes chosen as targets for silencing are important genes
responsible for pathogenic or virulence that are required for plant pathogens to survive. Recent
articles published on the use of HIGS to control fungus infections are likely pioneer of more
applications (Koch & Kogel, 2014).
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Figure 1. Mechanism of RNAI
RNAI against plant pathogenic fungi is used in two ways: (1) Directly induction of fungal

genes by the host plant (HIGS) (2) indirectly induction of fungal genes by phytopathogenic viruses
(VIGS) (Armas-Tizapantz1 & Montiel-Gonzalez, 2016). We have focused on HIGS in this review.
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Mechanism of Host Induced Gene Silencing

HIGS is an improved form of ‘Virus Induced Gene Silencing’ (VIGS) that allows silencing
the genes of plant pathogens. HIGS is obtained by transformation of plant embryos with a vector
containing a fragment of the target gene from the pathogen or a dsRNA construct (Starkel, 2011).
The structure that is formed after integration with the selected target gene-vector is called vector-
target gene, HIGS structure. In Figure 2, HIGS structure in the infected plant cells combines with
genomic DNA and it is transformed into dSRNA molecules in consequence of the transcription of
the HIGS structure. The generated HIGS structure is transferred to the plant nucleus by different
gene transductions such as electroporation or agroinfiltration. Once this structure is integrated with
the genomic DNA, the resulting dSRNA structure is transferred to the cytoplasm with the aid of the
Exportin-5 protein. HIGS dsRNA molecules are exported from plant cells when fungal infections.
Target gene regions of fungal transcripts are silenced in fungal infections. (Cristiano & Dean,
2012). How the dsRNA is processed in host plants and how these constructs are sent to pathogens
from plants has not yet been fully determined (Starkel, 2011).

Target mENA
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Figure 2. The mechanism of host induced gene silencing.

The Applications Related to Control of Plant Pathogenic Fungal Disease by Host Induced
Gene Silencing

The princible of HIGS is based on the silencing of the genes responsible for pathogenic
infection and thereby is obtained resistant plants aganist pathogens (Song & Thomma, 2016). In this
way, the host directly expresses the dsSRNA-forming constructs corresponding to the genes selected
as the target gene in the pathogen (Andradeab et al. 2015).

Non-coding RNA (nc-RNA) structures that provide silencing of RNA, such as; small
interfering RNAs (siRNA) that pass through from host to filamentous organisms, on the contrary,
the repressors which play a role in silencing and pass through from filamentous organisms to the
host, microRNAs (miRNA) targeting components of natural defense systems (Baumberger &
Baulcombe, 2015).

When the HIGS method is used against fungal pathogens, the fungal morphology changes,
the growth inhibition in the plant and most importantly the virulence decrease (Weiberg et al.
2016).

The first findings of HIGS resistance in fungi are resistance to Fusarium verticilloides in
tobacco and to Blumeria graminis in cereals (Tinoco et al. 2010). It has determined that the
expression of sSIRNA and dsRNA in barley and wheat is complementary to mRNA during protein
synthesis that are expression of important fungal genes (GTF1, GTF2, Avrakl and Avral0) that play
a role in hausturium formation in powdery mildews. These results show that HIGS can be used to
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control diseases in plants. One of the causes of disease in wheat and other cereals is also Puccinia
striiformis f. sp. tritici. In another study conducted by Yin et al. (2011), PSThal2J12, PSTha5A23,
PSThal2H2, PSTha2A5 and PSTha5A1 genes which play an important role haustorium formation
of Puccinia striiformis f. sp. tritici have been selected as the target gene. In this study, it was also
determined that the level of protein synthesis, which is encoded immediately after infecting the
pathogen, also increases in wheat. As a result of this study, it was observed that these five genes
identified as target genes were silenced (Yin et al, 2011). Starkel (2011) has shown that the CTB2
gene responsible for virulence of Cercospora beticola which causes significant yield losses in sugar
beet, could be used as a target gene in future HIGS studies. In a study by Zhang et al. (2012), HIGS
technology have used to determine the function of genes homologous to the two subunits of
calcineurin (PSCNA1 and PsCNB1) responsible for the development and infection of Puccinia
striiformis f. sp. tritici. As a result of this study, it has been determined that there is a temporal
delay in sporulation and a decrease in hypha length, number, amount of spores and size of uredia
(Zhang et al. 2012).

In 2010, Tinoco et al. demonstrated that HIGS could be used in phytopathogenic
filamentous fungi by showing that Fusarium verticillioides has a structure (hairpin (hp) GUS)
specifically silenced GUS transcripts in races producing g-gulukoronidase (GUS) during infection.
Later, it has determined that the cytochrome lanesterol 14-a demethylase (CYP51) gene which is
required for fungal ergasterol biosynthesis, affects negatively the growth and development of
mycotoxin-producing F. graminearum (Fg) by silencing through HIGS (Koch et al. 2013).
CYP51A, CYP51B and CYP51C genes are responsible for ergasterol biosynthesis of Fg. It has been
found that 791 nucleotides-dsRNA (CYP3RNA) constructs complementary to these genes inhibit
fungal growth and cause significant changes in fungal morphology. Consistent with these findings,
expression of CYP3-RNA in both Arabidopsis and barley has rendered that susceptible plants resist
to fungal infections. Microscopic analyses has revealed that mycelium formation is restricted in the
inoculation zone of the leaves expressed CYP3RNA and that there is almost no fungal hyphae in
barley seeds inoculated Fg. These results have shown that HIGS can be used as an effective method
to silence selected fungal CYP51 genes as target genes to prevent pathogen. Thus, fungal mycelium
formation and plant infections can be prevented. Scientists believe that, with more extensive
research in the future, it is necessary to evaluate the potential for RNA to pass instead of azole
group fungicides.

n barley and wheat, dsSRNAs targeting fungal glucanosyltransferase genes derived from an
RNA structure (barley) or BSMV-derived VIGS (wheat) have been analyzed. As a result of the
analyzes made, it has determined that the symptom of B. graminis in barley and the formation /
development of haustoria in wheat decreased (Koch & Kogel, 2014).

It has limited use of pesticide and resistant variety aganist Sclerotinia sclerotiorum which is
one of the necrotrophic fungi. An alternative to the development of necrotrophic fungal resistance is
the use of the HIGS method. In this study, chitin synthase (chs), which plays a role in the synthesis
of chitin, has determined as the target gene. A structure of hairpin RNA has transferred to tobacco
to silence the chs gene. Compared to non-transgenic plants after 72 hours from inoculation, the
severity of the disease in transgenic plants was found to decrease between 55.5%- 86.7%. In
transgenic plants, the silencing of the fungal chs gene correlates positively with the amount of
siRNA. With these studies, it has been shown that the expression of the internal genes in S.
sclerotiorum can be prevented by HIGS and tolerant plants against this pathogen can be produced
(Andradeab et al, 2015).

Resistant varieties to P. infestans, which causes significant yield losses, is used. However,
the effectiveness of these genes is diminished because of the ability to develop new races against
pathogen resistance. Jahan and colleagues evaluated the HIGS strategy by identifying siRNAs
complementary to the selected target gene in order to reduce the infection severity of Phytophthora
infestans. Hairpin RNA (hpRNA) was designed using the GFP marker gene. Then this structure was
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applied to the potatoes. After 72 hours, the concentration of P. infestans-GFP in leaf samples of
transgenic plants was reduced by 55-fold, when compared to wild-type potatoes. It is demonstrated
that the RNA silencing construct is functional in the pathology and can target pathogen transcripts.
G protein B-subunit (PiFPB1), cellulose synthetase (PiCESA2), pectinesterase (PiPEC) and
glyceraldehyde 3-phosphate dehydrogenase (PiGAPDH) in P. infestans are important genes
responsible for the infection process (Jahan et al. 2015). Furthermore, B subunit (PiGPB1), an
important subunit of G protein, is responsible for sporangium formation and pathogenicity
(Judelson & Blanco, 2005). The hp-PiFPB1, hp-PiCESA2, hp-PiPEC and hp-PiGAPDH constructs
complementary to these gene sequences were tested using transgenic methods. At the end of this
study, hp-PiGPB1 largely prevented disease development. The sequence inoculated into the
transgenic potato leaves silenced the target gene post transcriptionally. This study showed that the
HIGS approach is functional against P. infestans but the success of result is highly dependent on the
target gene. This finding has shown that HIGS can be used to fight this important plant disease
(Jahan et al. 2015).

Govindarajulu et al. (2015) have selected the genes that play an important role in the
infection of Bremia lactucae as the target gene and formed the transgenic lettuce plants that express
the siRNA. It has been determined that transgenic plants expressing B. lactucae complementary
constructs to the HAM34 or CES1 genes inhibit expression of these genes and significantly the
sporulation of B. lactucae (Govindarajulu et al. 2015). HIGS technology is also used to control the
formation of mycotoxins.

Aflatoxin is an important mycotoxin that causes cancer that contaminates products such as
peanuts. nc-RNA fragments containing negative copies of aflatoxin-encoding genes in Aspergillus
flavus (afIR, aflS, aflep, aflC / pksA / pksL1, pesl) were designed and used to silence these genes in
peanuts. When compared to the control, it was determined that the levels of Aflatoxin B; and B; in
mutant strains decreased by 60-100%.

The silencing of aflatoxin-encoding genes of Aspergillus flavus in peanut plants shows that
HIGS may be an important pathway for the destruction of mycotoxin (Arias et. al., 2015). The most
important disease of tall fescue (Festuca arundinacea Schreb.) used as forage and grass plant is
brown patch, which is caused by Rhizoctonia solani. Zhou et al. (2016) have identified 4 target
genes (including genes encoding RNA polymerase, importin beta-1 subunit, Cohesin complex
subunit Psm1, and a ubiquitin E3 ligase) that play an important role in fungal infection to suppress
infection and experimentally designed complementary siRNA constructs to these genes. As a result
of inoculation studies, it has been determined that some plants are significantly resistant to R.
solani and that there is no resistance in plants which is no RNAi accumulation (Zhou et al. 2016).

There are no resistant varieties against Verticillium wilt, which is one of the diseases caused
by soil-derived fungi, in many plant species. For this reason, struggle with Verticillium disease is
very difficult. Song and Thomma tried to determine whether they could suppress Verticillium wilt
by silencing the genes responsible for virulence in tomato and Arabidopsis through HIGS. In
conclusion, it was determined that HIGS against V. dahliae is also functional in tomato and A.
thalliana, but the achievement changes depending on the selected target gene (Song & Thomma,

2016).

In recent years, a method based on the spraying of dsRNA and sRNA targeting genes
responsible for pathogen infection has been studied. This method of struggle, called SIGS, is very
important for plant protection because it is environmentally friendly (Wang & Jin, 2017). Wang and
colleagues have chosen genes called Bc-DCL1 and Bc-DCL2, which are responsible for
pathogenicity and fungal growth, as target genes to prevent Botrytis cinerea infection causing gray
mold infection in fruit and vegetables, and applied dsSRNA molecules complementary to these genes
to the fruit surface. With this study, it was determined that these molecules significantly decreased
Botrytis cinerea infection up to 8 days (Wang et al. 2016). Thus, an important way for the use of
environmentally friendly fungicides RNA has been covered.
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CONCLUSIONS

In recent years, HIGS has been emphasized in order to prevent yield losses and to cultivate
durable plants. In studies up to now have shown that pathogen infection is partially or completely
inhibited when appropriate target genes and nc-RNAs are used. However, no HIGS product has yet
been commercialized against phytopathogenic fungi. We believe that the identification of genes that
play a role in the virulence and pathogenicity of plant pathogens, the identification of silencing
ncRNA constructs complementary to these genes and the increased work on applications where
these constructs can be transferred more easily to plants will make these genes applicable in
practice.
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Abstract

Water is an essential resource for human’s live maintaining. Alongside it supplies people with daily
needs, water is used for the purpose of agriculture, energy production, industry and tourism. The
increase of population and industrialisation have caused both rise of present water consumption and
contamination of present water resources. For this reason, water is among the resources should be
used efficiently in the world. Water used in agriculture is considerably more than the other sectors
use. Comparing with the developed and European countries, water percentage used in agriculture in
Turkey is much more. It is known that water resources decreased and would decrease even more
due to population increase, climate changes and unconscious uses. It is known that due to
population increase, climate changes and unconscious uses, water resources decreased and will
decrease even more. While Turkey is not among the countries suffered from water shortages,
present water resources should be carefully used due to rapid population growth, pollution and the
average annual precipitation lower than the world average and should be immediately taken the
necessary precautions against contamination. Therefore, especially in agriculture, water must be
used economical, conscious and in a planned way. Regarding this issue, one of the applications
should be performed is performance assessments of irrigation. Studies about performance
assessments of irrigation are carried out by the Irrigation Association to determine and take
necessary measures the inabilities and problems on irrigation by evaluating of the present water
potential in any area. In this review, performance assessments of irrigation studies carried out by
Irrigation Associations were summarised.

Keywords: Assessment criteria, irrigation, irrigation associations, irrigation performance
assessment, use of water, water resources

INTRODUCTION

Water is an essential source for living creatures and it is important for plant development.
Thus, importance of water in sense of agriculture is pretty much. The amount of freshwater bodies
containing the large part of water use is 35 million km® which is 2,5 percent of total water presence.
This water has been used 67-70 percent in agriculture, 22-23 percent in industry, 8-10 percent in
water intended for human consumption. These rates in Turkey are as below; 72-75 percent in
agriculture, 15-16 percent in water intended for human consumption, 10-12 percent in industry.

The average water consumption per human in the world is 800 m® in a year. About 20 percent
of world population lack of adequate drinking water and 2,3 billion people can’t reach the healthy
water. The world average of the ratio of the population reaching healthy water to total population is
about 82 percent. This ratio in Turkey is 93 percent. Average daily urban water consumption
standard per human is 150 liter in the world, 111 liter in Turkey (DPT, 2007).

In consideration of above information, it is seen that in large of water has been used in
agriculture. For this reason, planning and programming of water use in agriculture are crucial.
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Because of population growth, climate change etc., the decrease of present water resources makes
economical and convenient water use a current issue. Therefore, organizations providing control of
the water fall is responsible on this subject. Organizations providing agricultural lands with water
must make performance assessment of irrigation system and take some precautions.

When the performance level of irrigation and drainage projects is taken into consideration, increase
of irrigated agricultural areas is expected to increase world’s food production. But, the performance
improvement on irrigation networks is needed because usable water and land sources are limited
(Murry-Rust & Snellen, 1993)

In consequence of soil salinity and giving excessive water resulting from insensible
irrigations, some areas become arid every year. In this respect, effective use of water and land
sources and performance assessment in irrigation systems are of capital importance (Cakmak,
2002).

PERFORMANCE ASSESSMENT and INDICATORS

The performance of a system is its measured levels of achievement according to one or more
parameters which are chosen as indicators (Bos et al., 2005). As to performance assessment in
irrigation and drainage can be defined as the systematic observation, documentation and
interpretation of activities related to irrigated agriculture with the objective of continuous
improvement (Molden et al., 1998). Performance assessments have been made in the direction of
various purposes. For example; developing system operation, evaluating processes intended
strategic purposes, general situation of the system and interventions to system, comprehending
better the factor determining the performance better, diagnosing the problems, comparing between
system performance and others etc. Determination of performance assessment method depends on
the purpose of assessed case (Abernethy, 1989). Performance assessments consist of some steps;
Identification and planning, data collection, analysis, integration, action, monitoring and evaluation
stages, respectively. Identification and planning stage is important and specifies the success
of assessment in large measure. Content and characteristics of the data need for assessment is
identified on this stage. Data collection stage is the core of assessment. Data need for assessment
must be supplied from a confidential source and be complete. After analysis stage, to facilitate the
integration and action stages, it is important to involve key players in the assessment process at the
outset (Malano & Burton, 2001). Performance indicators are needed when irrigation performance
has been assessed. These indicators have been identified by many researchers and give us
information about effectiveness of performance. Performance indicators are a quantitative measure
of irrigation situation which helps observing and assessing irrigation effectiveness (Alegre et al.,
2000).

Malano and Burton (2001) revealed some performance indicators which recommended by
IPTRID (International Programme for Technology and Research in Irrigation and Drainage). These
indicators were showed under the titles of service delivery performance, financial, productive
efficiency, environmental performance. Indicators are given in Table 1.
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Table 1. Indicators of performance assessment

annual volume of irrigation water delivery (m® year™)
al irrigation water delivery per unit command area (m* ha™)
al irrigation water delivery per unit irrigated area (m* ha™)
Service Delivery system water delivery efficiency
Performance al relative water supply
al relative irrigation supply
- delivery capacity
ity of entitlement supply

ity of entitlement supply

"ecovery ratio

‘enance cost to revenue ratio

MOM cost per unit area (US$ ha™)

cost per person employed on water delivery (US$ person™)

1ue collection performance

ng numbers per unit area (persons ha™)

\ge revenue per cubic metre of irrigation water supplied (US$ m)

Financial

gross annual agricultural production (tonnes)
annual value of agricultural production (US$)
Productive 1t per unit serviced area (US$ ha™)
Efficiency It per unit irrigated area (US$ ha™)
1t per unit irrigation supply (US$ m™)
1t per unit water consumed (US$ m™®)

- quality: Salinity (mmhos cm™)
- quality: Biological (mg litre™)
Environmental - quality: Chemical (mg litre™)
Performance \ge depth to watertable (m)
Je in watertable depth over time (m)
alance (tonnes)

Some studies concerned the performance assessment of Irrigation Associations and other
irrigaton organizations in Turkey made by being used these performance indicators are in below;

Kapan (2010) aimed to assess the irrigation system performance of Asartepe irrigation put
into operation in 1993 and assigned to Irrigation Association later between 2005 and 2008 years.
The results related to this study are showed in Table 2. In consequence of this assessment, it was
determined that annual irrigation water delivery per unit command area was 2181 - 6312 m® ha™,
annual irrigation water delivery per unit irrigated area was 9546 — 14043 m® ha, annual relative
water supply was 0,25 — 1,17, cost recovery ratio was 7 - 73,9 percent and total annual value of
agricultural production was 3163539 - 7217335 TL.

Elicabuk (2016) carried out an irrigation performance assessment in Konya Gevrekli
Irrigation Association between 2006 and 2012 years. The results related to this study are showed in
Table 3. In consequence of this assessment, it was determined that annual irrigation water delivery
per unit command area was 665 - 1301 m® ha, annual irrigation water delivery per unit irrigated
area was 2577 — 5273 m® ha™, annual relative water supply was 0,51 — 1,04, cost recovery ratio was
82,3 — 120,1 percent and total annual value of agricultural production was 21225000 — 38898000
TL.

Sonmezyildiz ve Cakmak (2013) aimed to assess irrigation performance of village of
Beyazaltin in Eskisehir for the land consolidation. Results related to this study are showed in Table
4. In consequence of this assessment, it was determined that annual irrigation water delivery per
unit command area was 4311,02 m* ha*, annual irrigation water delivery per unit irrigated area was
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4311,02 m® ha™, annual relative water supply was 1,60, cost recovery ratio was 530 percent and
total annual value of agricultural production was 9030000 TL.

Cin (2017) carried out an irrigation performance evaluation in Ankara Beypazari Basoren
Irrigation Cooperative. Results related to this study are showed in Table 5. In consequence of this
assessment, it was determined that annual irrigation water delivery per unit command area was
10542,8 m* ha™, annual irrigation water delivery per unit irrigated area was 14760 m* ha™, annual
relative water supply was 1,98, cost recovery ratio was 50 percent and total annual value of
agricultural production was 2378953 TL.

Nalbantoglu (2016) aimed to benchmarking and assessment of irrigation performance of
Akinci Irrigation. Results related to this study are showed in Table 6. In consequence of this
assessment, it was determined that annual irrigation water delivery per unit command area was 7,23
— 10,54 m® ha*, annual irrigation water delivery per unit irrigated area was 7,68 — 16,15 m* ha™,
annual relative water supply was 1,55 — 1,98, cost recovery ratio was 56 — 172 percent and total
annual value of agricultural production was 1021460 - 1561868 $.

Table 2. Performance indicators and results of study

Performance Indicators Result
Service Annual irrigation water delivery per unit command area (m’ ha!) 2181 -6312
Delivery Annual irrigation water delivery per unit irrigated area (m? ha'l) 9546 - 14043
Performance  Annualrelative water supply 0,25-1,17
Cost recovery ratio (%) 7-73.9
Maintenance cost to revenue ratio (%) 31,6 —543.2
Total MOM cost per unit area (TL ha') 60,97 — 91,56
Total cost per person employed on water delivery (TL person!) 3531.25-
Financial 0487.50
Revenue collection performance (%) 23-47
Staffing numbers per unit area (persons ha!) 0,0053
Average revenue per cubic metre of irrigation water supplied 0,004 - 0,009
(TL m~)
3163539 -
Total annual value of agricultural production (TL) 217335
Output perunit serviced area (TL ha'l) 2108,96 -
Productive 4823.60
Efficiency Output perunit irrigated area (TL ha!) Igii;g;
Output per unit irrigation supply (TL m-) 0,6118 —1,5342
Output per unit water consumed (TL m-¥) 5804 — 13951
Table 3. Performance indicators and results of study
Performance Indicators Result
Service Annual irrigation water delivery per unit command area (m?®ha'!) 665 — 1301
Delivery Annual irrigation water delivery per unit irrigated area (m? ha'l) 2577 -5273
Performance  Annual relative water supply 0,51 -1.04
Cost recovery ratio (%) 82,3-120.1
Maintenance cost to revenue ratio (%) 32-51.8
Total MOM cost per unit area (TL ha'l) 89,03 — 165,31
Financial Total cost per person employed on water delivery (TL person!) 20975,68—
42296,78
Revenue collection performance (%) 66,7 — 99,9
Staffing numbers per unit area (persons ha'!) 0,0018 — 0,0025
i i 21225000-
Total annual value of agricultural production (TL) 38898000
Productive Qutput per unit serviced area (TL ha) 1679,2 - 30774
Efficiency . 6451.4—
Qutput per unit irrigated area (TL hal) 11501.8
Qutput per unit irrigation supply (TL m-) 1.474 - 3,814
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Table 4. Performance indicators and results of study

Performance Indicators Result
Service Annual irrigation water delivery per unit command area (m’ ha'!) 4311.02
Delivery Annual irrigation water delivery per unit irrigated area (m? hal) 4311,02
Performance  Annual relative water supply 1.60
Cost recovery ratio (%) 530
Maintenance cost to revenue ratio (%) 8
. . Total MOM cost per unit area (TL ha!) 51,98
Financial
Total cost per person employed on water delivery (TL person-!) 10000
Revenue collection performance (%) 100
Staffing numbers per unit area (persons ha) 0,002
Total annual value of agricultural production (TL) 9030000
Productive Output per unit serviced area (TL ha) 9386.69
Efficiency Output per unit irrigated area (TL ha'l) 9386.69
Output per unit irrigation supply (TL m~) 2,18
Output per unit water consumed (TL ha'l) 923665
Table 5. Performance indicators and results of study
Performance Indicators Result
Service Annual irrigation water delivery per unit command area (m® ha'!) 10542,8
Delivery Annual irrigation water delivery per unit irrigated area (m? ha'!) 14760
Performance  Annual relative water supply 1,98
Cost recovery ratio (%) 50
. . Maintenance cost to revenue ratio (%) 14
Financial
Total MOM cost per unitarea (TL ha'!) 10
Revenue collection performance (%) 100
Total annual value of agricultural production (TL) 2378953
Productive Output per unit serviced area (TL ha'l) 33985,04
Efficiency Output perunit irrigated area (TL ha!) 47579.06
Output perunit irrigation supply (TL m-) 3,22
Output perunit water consumed (TL ha'!) 7.28
Table 6. Performance indicators and results of study
Performance Indicators Result
Service Annual irrigation water delivery per unit command area (m? ha!) 7.23-10.54
Delivery Annualirrigation water delivery per unitirrigated area (m? ha'l) 7.68 16,15
Performance  Annualrelative water supply 1.55-1,98
Cost recovery ratio (%) 56-172
Maintenance cost to revenue ratio (%) 2.51-10.82
Total MOM cost per unit area (TL ha') 22,53 -108.61
Total cost per person employed on water delivery (TL person-!) 1091,09 —
Financial 8658.84
Revenue collection performance (%) 70-93
Staffing numbers per unit area (persons ha) 0,006 - 0,012
Average revenue per cubic metre of irrigation water supplied 0,004 - 0,008
(TL m3)
Total annual value of agricultural production (TL) 122 1;:2 i
Output per unit serviced area (TL ha!) 364,81 - 557,81
Productive Output perunit irrigated area (TL ha'l) 1454.29 -
Efficiency 2970.46
Output per unit irrigation supply (TL m~) 0,107-10,110
Output per unit water consumed (TL m-?) 1350,69 —
2071,26
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CONCLUSIONS

As mentioned above, some case studies have been showing performances of some irrigation
systems in Turkey. According to these studies, annual relative water supply has been generally
high. That is to say, the water which is more than needed has entered to irrigation systems. Hereat,
protection and using optimum of present water are essential.

Due to the fact that some irrigation organizations have an important position on irrigation
management in Turkey, studies must be carried to use water properly and not to make farmers
sufferer. Before water use directly, irrigation system performance must carried out and current
situation analysis can be made. In this way, reasons of problems can be found and some precautions
can be took.
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Abstract

In the design of dairy cattle shelters, behavior of the animals, climatic environmental factors
and herd management have a significant impact. The most important function of dairy cattle
barns to protect animals from unfavorable environmental conditions and to increase
productivity will be achieved per animal providing with adequate housing environment for
them. The most three important factors affecting yield in livestock raising are genetic,
nutrition and environmental conditions, respectively. These three factors in order to achieve
the highest level efficiency from the animals should be handled at the same time. Stress
factors in dairy cattle are composed of structural, climatical and social environments. The
stress resulting from the climatic environmental conditions occur due to changes of climatic
values in the environment in which hosted of the animals. The most important parameter
affecting the productivity of dairy cattle is climatical factors. Climatic environmental
conditions consist of temperature, air velocity, relative humidity, solar radiation and light etc.
parameters. The temperatures within the climatic environmental conditions are more
important with regards to can exhibit normal behavior of the animals and their ability to
sustain physiological activities. In dairy cattle, associated with rise above of optimum
temperature zone of temperature will be broken heat balance of the body and the animals will
enter the heat stress if this excess heat does not take away the of body. Shortly after the start
of heat stress, declines will occur in milk yield and animal losses will be inevitable if
necessary precautions are not taken. In this review, studies conducted related to in dairy cattle
breeding how it should be of climatic environmental conditions suitable to animal behavior
and effects on dairy cattle of heat stress were summarized.

Keywords: Behavior, critical temperatures, dairy cattle, heat stress, temperature,
Temperature-Humidity Index (THI)

INTRODUCTION

It is increasing the need for animal food products along with a growing world
population .The need for animal foodstuffs will be possible by increasing the yield to be
obtained from available animal existence while providing the environmental conditions
required for animal welfare. In dairy cattle, the most important parameter indicating the
productivity is annual milk production per animal.

Accordingly, the average milk production was 2.942 tons animals™ in Turkey while
9.9 tons animals™ in USA and 6.6 tons animals™ in European Countries (Anonymous, 2012).
Although dairy cattle presence of Turkey was 20% of the European Countries average, milk
production was 7% of that. Inappropriate environmental conditions, deficiency in nutrition
and genetic structure can be showed among the major results of this (Uzal &Ugurlu, 2008).
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Ugurlu & Uzal (2004) reported that first of all, to reach a high efficiency level of a
living, namely the increase of productivity, was closely related stress factor in its the
environment where in alive and stress consisting of tension resulting from various factors on
live organism was slowing down the generative functions of the live and caused significant
yield reduction. In dairy cattle barns, climatic environmental conditions should be checked to
ensure animal welfare are temperature, relative humidity, air velocity, solar radiation and
light. An animal must be in thermal equilibrium with its environment which radiation, air
temperature, air velocity and humidity to maintain homeothermy (Kadzere et al. 2002).
Animal surrounding environment influences the heat exchange between the environment and
animals. Especially, environmental temperature is the most important factor in the regulation
of the heat produced by the animal and in the maintenance of body temperature. To increase
of animal production, kept at the desired level and the protection of the health of animals, in
animal barns must be between certain limits in of temperature (Mutaf & Sonmez, 1984).

The animals entering heat stress will try to remove extreme heat in their bodies
through the latent heat dissipation. Dairy cattle are trying to remove excess heat in the form of
water vapor increasing respiration rate to latent heat dissipation. In the meantime, to live deal
with excess heat issues is provided the reduction of heat generation stimulating the heat-
sensing center in the brain. To reduce of heat production, the live significantly reduces feed
intake and occurs lack of appetite. Yield decreases with a reduction in feed intake.

In the increase of animal production three main factors: genetic structure, care-
feeding and environmental conditions. To increase of productivity in animal production, cattle
breeds with high efficiency genetically should be developed and it must be made of the
breeding of this race. Environmental conditions, because it is the factors that regulate living
comfort at the climatical, structural and social issues in housing environment of the animals,
constitute an integral tripartite structure with genetic structure and nutrition in increasing
livestock production (Uzal & Ugurlu, 2009).

Proper Temperature Intervals in Dairy Cattle

The income derived from livestock in order to increase within economical constraints,
relations with animal husbandry of climate factors need to understand and evaluate. While
investigating effects on the animals of climatic factors, before each should be considered
separately, then it must also be focused on their jointly effects. Besides the influences on yield
of climatic factors, there are also indirectly effects on disease, care and nutrition.

These effects constitute different results in various animal species and in different
races within the same species (Atasever et al. 2004). Heat stress, as directly or indirectly,
affects on feed intake, body temperature, maintenance needs, milk yield, reproduction
performance, behavior and illness rate of the animals (Thatchet, 1974; Cook et al. 2007;
Tucker et al. 2007; Rhoads et al. 2009). In one study, Shinde and Teneja (1986) reported that
Between milk yield and climatical factors was a usually negative and significant correlation
and they stating that temperature and humidity affected animals and there should be between
25 °C and 7 °C of comfort zone (optimal temperature interval) for maximum milk yield.

The body temperature of dairy cows varies between 38-39.3 °C, with an average of
38.6 °C. The optimum temperature for most farm animals ranges from 10-20 °C. Even in high
humidity conditions, cattle produce well in temperatures between 4-24 °C.
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So long as it's not very sudden temperature fluctuations, very low temperatures, such
as -10 °C, have very little effect. When the temperature exceeds 25 °C, there is a drop in milk
production. This decrease can be up to 50% at temperatures of 32 °C and higher. However,
the appropriate temperature for cattle adapted to mild climates ranges from 15 to 27 °C and
milk production begins to fall when temperatures rise above 35 °C (FAO, 2016). Heat stress
occurs when average temperatures are higher than the temperature. Lactating dairy cattle
prefer to average temperatures between 5-25 °C in optimum temperature zone (Roenfeldt,
1998). At ambient temperature above 26 °C, cattle are forced to cool their bodies and enter
heat stress (Kadzere et al. 2002).

Reactions of the cattle to temperatures above optimal temperature zone are different
(Kadzere et al. 2002). These contain respiration increased rates and rectal temperature (Omar,
1996), raised panting and drooling and reduced heart rates (Blazquez, 1994) besides
decreased milk production (Keown & Grant, 1997) and feed intake (Rhoads et al. 2004).
Appropriate temperature for cattle examined by many researchers is the suitable temperatures
between 0-24 °C temperature values and is the optimum temperatures between 7-15 °C
temperature values (Demir, 1992). Comfort zone temperature contains a limited range and
temperature values remaining within this region is considered as optimum temperatures
(Ekmekyapar & Okuroglu, 1984).

Optimum temperature limits for dairy cattle is 10-20 °C (Webster, 1994). Although
suitable temperature values for cattle is 4-24 °C, the optimum temperature values 10-15 °C
and the optimum temperature lower limit 7 °C, in temperatures above 24 °C begins to
decrease milk production in dairy cattle. Indeed, associated with rise to 35 °C of temperature
reduce by 50% milk production (Ekmekyapar, 1991). Optimum, suitable, lower and upper
critical temperatures in cattle are given in Table 1.

Water loss by evaporation from the skin increases in temperatures above 20 (Berman,
1968). Upper critical temperature for dairy cattle, regardless of their milk production or
previous climate adaptation is 25-26 degrees (Berman et al. 1985). When the heat which
cannot be removed from the body exceeds heat loss capacity by evaporation, body
temperature increases and animals die from hyperthermia if unchecked (Kadzere et al. 2002).
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Table 1. Optimum, suitable, lower and upper critical temperature values to cattle

Lower Critical Temperatures

(’C)

Optimum Temperatures

(°C)

Suitable
Temperatures
(C)

Upper Critical Temperatures

(°C)

-10 (FAO, 2016)

-12 (to Holstein,
Brown Swiss)

-1(to Jersey)

(Yeck & Stewart,
1959; Young, 1981)

-10 (draught free)
2 (2 ms™ wind speed)
(Noton, 1982)

-6

(Sainsbury &
Sainsbury, 1988)

<(-7) (Sainsbury,
1974)

-15 (WMO, 1989)

- 14 (pregnant and dry)

-25 (in the peak period of
lactation)

(Radostits & Blood, 1985)

-26 (0.2 ms™ wind speed)
-13 (2 ms™ wind speed)
(Webster, 1981)

<(-5) or <(-10)
(Williams, 1959)

7-25 (Shinde &
Teneja, 1986)

10-20

(Sainsbury &
Sainsbury, 1988;
Webster, 1994 FAO,
2016)

7-15

(Demir, 1992;
Yiiksel, 1993)

5-15
(WMO, 1989)

10 (Maton et al. 1985)

10-15

(Sainsbury, 1974; Balaban
& Sen, 1988;
Ekmekyapar, 1991;
Okuroglu & Yaganoglu,
1993; Anonymous, 2015)

0-20
(Brody, 1955)

0-24 (Demir, 1992)

5-25

(Roenfeldt, 1998;
Anonymous, 2015)

4-24

(Ekmekyapar, 1991;
FAO, 2016,9

0-20
(Wathes et al. 1983)

25-26 (Berman et al.
1985; NRC, 1989)

>21 (to higly productive
and elderly animals)

(Johnson,1987; Dolezal,
2004)

>26 (Kadzere et al. 2002)

27 (WMO, 1989)

>24 (Ekmekyapar, 1991;
West, 2003)

> 27 (Broucek, 1997)

>25 (Sainsbury &
Sainsbury, 1988; FAO,
2016)
21-27

(Blackshaw &
Blackshaw, 1994;
Dolezal et al. 2004)

25 (Radostits, and Blood,
1985)

25-27 (NRC, 1981)
21-25 (to Jersey)
30-32 (to Brown Swiss)

(Brody, 1955)

28 (Wathes et al. 1983)
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Developed indexes to determine the level of heat stress is called as THI (Temperature-
Humidity Index). THI is determined with various formulas developed of researches by
measuring dry bulb, wet bulb, dew point temperatures and relative humidity of air and the
dairy cattle is confirmed whether the heat stress or not. According to various researchers, THI
is determined using the following formulas.

THI= (0.15 * Tgp + 0.85 Tup) * 1.8 + 32, (Bianca, 1962) (1)
THI= (0.35 * Tgp + 0.65 Twp) * 1.8 + 32, (Bianca, 1962) (2)
THI= (1.8 * Tgy + 32) - {0.55 — 0.0055 * RH) * (1.8 * Tg,— 26.8)/, (NRC, 1971) (3)
THI= Tap+ 0.36 * Ty, + 41.2, (Yousef, 1985) (4)
THI=0.72 * (W + D) + 40.6, (Kadzere et al. 2002) (5)
THI= th, + 0.36 * t, + 41.2, (ASABE, 2006) (6)
THI= (0.8 * Tgp)+ /(RH / 100) * (Tgp — 14.4)] + 46.4, (Mader et al. 2006) (7)
THI= (1.8 *T + 32) — ((0.55-0.0055* RH * (1.8 * T — 26)), (Titto et al. 2011) (8)

In these formulas, Tdb, t,s and D are dry bulb temperature (°C); Twb and W are wet
bulb temperature (°C); Tgp and tpr are dew point temperature (°C); RH s relative humidity
(%).

Gantner et al. (2011) point out that the THI is 72, which corresponds to a temperature
of 22 °C at 100% relative humidity, 25 °C at 50% relative humidity or 28 °C at 20% relative
humidity and milk production at higher THI values than 72 is affected by heat stress. Milk
yield of dairy cattle decrease by 0.3 kg per animal compared to each unit increase of THI
value (Gantner et al. 2011). Similarly, milk yields of cows decreased by 1.8 kg along with per
unit increment of average ambient temperature (Johnson, 1963; Smith et al. 2012).

Zimbelman et al. (2009) reported that decrease in the level of milk production started
out 65 and over of the THI value. THI is used to measure thermal comfort in most studies and
for dairy cows generally considered to be the upper limit THI >72. Milk yield of cows on this
level generally reduce due to the heat stress (Igono et al. 1992; Ravagnolo & Misztal, 2002;
Gaughan et al. 2008; Armstrong, 1994). THI values low from 71comfort zone, 72-79 mild
stress, 80-90 average stress and values greater than 90 were defined as extreme stress zone.
Furthermore, Kadzere et al. (2002) reported that THI values of 70 or less were comfortable,
75-78 stressful, and lactating dairy cattle were not to maintain the body heat balance in values
greater than 78 and this situation caused extreme stress. The effects of THI on stress and
behavior in dairy cattle are shown in Figure 1 and Table 2.
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- I
THI between 72 and 78 THI between 79 and 88

mild stress moderate stress
THI between 89 and 98 THI above 98
Yy s
¥
=
severe stress DEAD COWS!

Figure 1. The effects of the temperature-humidity index in dairy cattle (Anonymous, 2016a)

Table 2. Effect of heat stress on dairy cattle (Anonymous, 2016b)

THI Stress Level Comments

<72 None -

« Dairy cows will adjust by seeking shade, increasing respiration
72-79 Mild rate and dilation of the blood vessels.

% The effect on milk production will be minimal.

<+ Both saliva production and respiration rate will increase.

< Feed intake may be depressed and water consumption will
80-89 Moderate Increase.
<+ There will be an increase in body temperature.

«» Milk production and reproduction will be decreased.

< Cows will become very uncomfortable due to high body

temperature, rapid respiration (panting) and excessive saliva

« Milk production and reproduction will be markedly decreased.

>98 Danger «» Potential cow deaths can occur.

Effect on Behavior of Heat Stress

Normal behavior of dairy cows exposed to heat stress varies. In particular, standing
behavior is a behavior that in hot environmental conditions should be monitored for dairy
cattle (Cook et al. 2007; Legrand et al. 2011). In lactating cows begins to decline feed intake
at average 25-26 °C temperatures and this fall is drops more quickly in temperatures above 30
°C (NRC, 1989). Bandaranayaka and Holmes (1976) stated that fat and protein content of
milk decreased at 30 °C when feed intake was kept at the both temperatures by working with
two pairs Jersey cow exposed to either 15 °C or 30 °C air temperature.
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In a study, Schneider et al. (1988) reported that dairy cattle in heat stress consumed
less feed (13.6 vs. 18.4 kg day™), more water (86.0 vs. 81.9 It day™) and produced less milk
(16.5 vs. 20.0 kg day™) than cows in a suitable temperature zone. Dry matter intake and eating
activity frequency all day long reduce in heat stress conditions. This activities increase at the
evening, night and early morning hour (Schneider et al. 1988). Rhoads et al. (2004) stated that
their reduced feed intake when cows exposed to heat stress and simultaneously care needs
increased due to the activation of the temperature regulating system, milk production declined
2 days after heat stress and feed intake decreased within 1 day after start of heat stress.
According to Collier et al. (1981), maximum decrease in milk yield during heat stress occurs
within 48 hours after the onset of stress.

When ambient temperature rises above 25-26 °C, decrease in feed consumption and
mild yield occurs and when temperature exceeds 32 °C, milk yield reduce at 3-20% rates
(Keown & Grant, 1997). Cows with the increase of the heat load spend more time in the shade
and they spend less time to lying (Ansell, 1981; Schiitz et al. 2010). Rates of cattle rested in
upright position or performed rumination is linearly increasing as temperature increases
(Shultz, 1984). By cows standing, maximize evaporation from the body surface and benefit
from convection derive from wind (Frazzi et al. 2000). With an increasing average
temperature or solar radiation, cattle are more likely to seek shades or other cooling structures
(Atrian & Shahryar, 2012). General effects of heat stress in dairy cattle are given in Table 3.

Table 3. Schematic depiction of the general effects of heat stress in dairy cattle, (Atrian & Shahryar, 2012)

Heat [ I Modified |

| Increased | | Increased |
| Increased
>—< standing time
[l

[
. Increased loos of
| Reduction of body I‘ blood anions and Increased risk

| | of lameness

| Increased water | Disturbance of

bodwv acid-base
= Increased water |
remed s | ea ]

Increase —| Decreased feed | | Modified hormone |
feed |

|
D d milk
Increased feed ‘ ccreased mi |

efficiency but with
lower amounts of |

feed J

Increased maintenance |

Decreased reproductive
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CONCLUSIONS

When a general assessment is made, it is important that the shelters do not create
climatic stress on the livings. In order to achieve this condition, free systems that allow the
cattle to use different areas within the structure at different times are more advantageous. In
order to protect cattle from the adverse effects of high temperatures, especially areas where
will occur sufficient shadow and airflow should be provided.
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Abstract

Bor is a central district located in the southeast part of the Central Anatolia Region, within the
boundaries of Nigde and surrounded by Aladaglar in the east and Hasan and Melendiz
mountains in the north. After the population increased in Bor with the passing of the Ankara-
Kayseri and Adana-Konya railways in 1932, the need for green spaces increased due to the
effect of construction. In the process, providing livable spaces to communities has become an
important issue in environments that are shaped by the combination of natural and cultural
objects. In this declaration, the amounts of green areas in the Bor district will be determined,;
the distribution of the active green areas in the neighborhood scale, the size and the per capita
rates will be evaluated within the scope of the "Regulation on the Construction of Spatial
Plans" dated 14.06.2014 and numbered 29030 Official Newspaper; recreational usage of
available green areas will be discussed and alternative green areas will be proposed which
provide effective use to the people of the region.

Keywords: Active green sites, Bor, recreation

INTRODUCTION

Societies have brought together natural and cultural values, while shaping environments
they live in; and designed spaces outside the settlement, commerce and industry areas as
green spaces throughout history. However, the result of changes in cities, rapid population
growth, and intensive construction, the natural areas are being destroyed; environmental
problems come to the agenda; the quality of urban life is decreasing, and the need for green
spaces is increasing. The quality of urban life affects the physical and mental health of
individuals as well as the ecological, economic and social situation of the city in cities
shaping up with physical and natural environment integration. In this context, the concept of
urban open-green space is on the agenda with the aim of improvement of urban living
conditions, and balancing the interaction between individuals and nature.

In the Planned Area Type Construction Regulation numbered 28759, the concept of green
space is defined as all of children's playgrounds reserved for community use, recreation,
excursion, picnic, and coastal areas. According to this definition, large scale exhibitions,
botanical and zoo gardens and regional parks can be evaluated within the scope of the green
area. The standards of open-green space are a changeable phenomenon among cities in the
country as well as countries in the country.

Because the age, culture, occupation and economic situation of urban people are
different, the requirements for green space also vary. In determining the open-green area
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norms, social, cultural, economic factors, and usage density as well as the physical
environmental characteristics such as climate, topography, urban location of cities play an
important role. The open-green areas depend on not only being adequate in terms of quality
and quantity to perform their functions in the city but also being the easily accessible to the
areas where the societies live in (Giil ve Kiigiik, 2001).

Regarding the green areas that have an important place in human life, according to 28th
article dated 11.7.1972 and amended by the law numbered 14251 of the consruction law
numbered 6785, the amount of green space per population based on planning is at least 7 m?
(Onder ve Polat, 2012). In the regulation on plan construction dated 02.11.1985 and numbered
18916 published in the official newspaper, parks, children's gardens and playgrounds are
defined as active green area, and total area per capita in urban areas for these three uses is
determined as 10 m? (Bolatoglu ve Ozkan, 2013); the total green area outside the municipality
and contiguous area boundaries per person is determined to be at least 14 m? (Onder ve Polat,
2012).

Finally, "The Regulation on the Construction of Spatial Plans" published in the Official
Newspaper dated 14.06.2014 and numbered 29030 and “the Regulation on the Principles of
Plan Construction” published in the Official Newspaper dated 2.11.1985 and numbered 18916
were abolished. Social infrastructure areas are defined as “supplying the cultural, social and
recreational needs of the individual and the community, and open/closed sports facilities and
outdoor and green areas such as parks, children's horticulture, playgrounds, squares,
recreation areas, etc. which are made by the public or private sector for the purpose of
increasing the quality of life with a healthy environment, health, religious, cultural and
administrative facilities” in Article 5, titled "Definitions and Principles of Spatial Use of the
Regulation™, and in Annex 2, the amount per capita of social and open green areas under the
heading of urban, social and technical infrastructure is approved as 10m?.

In this decleration, the Bor district of Nigde where the need for green spaces increased due
to the effect of construction with the passing of the Ankara-Kayseri and Adana-Konya
railways in 1932 was selected as the study area. The study is specific because there is no
previous work on Bor's active green areas. In this context, the amounts of green areas in the
Bor district will be determined; the distribution of the active green areas in the neighborhood
scale, the size and the per capita rates will be evaluated; recreational usage of available green
areas will be discussed and alternative green areas will be proposed which provide effective
use to the people of the region.

MATERIAL and METHOD

The main material of the study is Bor district located in the southeast part of the Central
Anatolian Region within the Nigde borders, on the Bor Lake between 37 © 53 'north latitude
and 34 ° 33' east longitude; surrounded by Aladag Mountains in the east the mountains of
Hasan and Melendiz Mountains in the north (Figure 1). In order to determine the amounts of
active green areas of Bor and evaluate the distributions, sizes and per capita distributions of
active green areas in the neighborhood scale, national and international approaches have been
examined and visual data has been provided within the scope of field-study studies in the
study area and benefited from the 1/1000 scale conservation zoning plan obtained from Bor
Municipality and Google Earth 2016 satellite image. In the direction of the provided data,
recreational use possibilities of existing green areas were evaluated and suggestions were
made about alternative green areas that provide effective use to the people of the region.
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Figure 1. Nigde/Bor, geographic location

RESULTS and DISCUSSION

Bor which has developed rapidly with the reason of migration from villages and different
cities, is a district with a population of 36,499 according to the data of 2015 Turkish
Statistical Institute. In the study area with approximately 1,300 ha area; Active green areas
including children's play areas, neighborhood parks, school gardens, picnic and recreational
areas were evaluated together with neighborhood boundaries on the satellite image as shown
in Figure 2.

Among the parks located in the research area, only Atif Giirkan, Ustiin and Kayabas1 Park
were named; other active green areas are not named, so they are expressed using the names of
the neighborhoods where the parks are located. As shown in Table 1, there are greean areas in
the 17 neighborhood which is selected as the study area in the boundaries of the Bor district;
12 of them are considered as active green areas. Parks, children's playgrounds, school
gardens, recreation and picnic areas at different scales in the active green areas of the district
serve public use.
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Figure 2. Research area active green areas

Table 1. The names and populations of the neighborhoods in Bor (TUIK, 2015)

The Neighborhoods in Bor Population | The Neighborhoods in | Population
Bor

Aci1gdl neighborhood 1.390 | Kale Neighborhood 817

Ahmet Kuddusi neighborhood 2.675 | Karaca Ugurlu 2.631
Neighborhood

Armutlu Neighborhood 2.049 | Mehmetcik Neighborhood 2.870

Bagpmar Neighborhood 2.055 | Orta Neighborhood 1.141

Cig1zoglu Osman Efendi 1.141 | Seker Neighborhood 1.460

Neighborhood

Cumbhuriyet Neighborhood 1.681 | Sira Sogiitler 1.317
Neighborhood

Dink Neighborhood 1.161 | Sokubas1 Neighborhood 1.722

Fatih Neighborhood 3.994 | Yenigd¢cmen 3.903
Neighborhood

Harim Neighborhood 4.492 | Toplam 36.499

The World Health Organization states that the green area per capita in the city should
be at least 9 m?, and 10-15 m? is the ideal. In the developed countries, the average green area
per capita is 20 m?; it varies from about 1 to 9 m? in Turkey. In research areas, the amount of
green space per capita determined by the proportion of the neighborhoods to the
neighborhood population, and the proportion of total green areas to Population of research
area is not enough.

However, the amount of green space per capita is above the limit value (10 m?)
specified in the regulation due to the low population of some of the neighborhoods or the
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possession of urban parks. When the total green area and total population of the research area
are evaluated, it is determined that this amount is about 3 m? below the regulation limit value

(Table 2).

Table 2. The amount of active green areas in Bor

Active Green | Active Green Areas Neighborhood Area (m?)
Areas Name or Kind
Number

1 Mehmetcik 2.881.25
2 High School Garden | Cigizoglu Osman Efendi 19.527 47
3 Cigizoglu Osman Efendi 2.091,60
4 Bagpinar 21.184,11
5 Atif Giinkan Park Baspinar 6.816,50
6 Kale §29.94
7 Karaca Ugurlu 1.290,17
8 Ustiin Park Dink 16.479,06
9 Yeni Gogmen 4.478.62
10 Yeni Gogmen 9.933.90
11 Kayabas1 Park Sokubag1 36.156,75
12 Karaca Ugurlu 2.818,94

Total 124.488,31

In Bor, the numbers determined by the ratio of the number of persons to the green area
in the selected areas are low; the amount of green space per capita is not sufficient. When the
calculations related to the neighborhoods are examined, it is seen that the amount of green
area per person is mostlg/ in Karaca Ugurlu Neignborhood (2,03 m?) and at least in Sokubast
Neighborhood (0.047 m"?).

Figure 3. Green Areas from research area
Table 3. Total area of active green areas in the research area, amount of green area per person
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Actve Green Areas In The Research Area
Number Name and Area (m?) Neighborhood and The
Type Population amount per
capita (m?)
1 Playground 2.881.25 | Mehmetgik (2.870) 1.00
2 High School | 19.527.47 | Cig1zoglu Osman Efendi 18.94
Garden (1.141)
3 Playground 2.091.60
4 Playground 21.184.11 | Bagpmar (2.055) 13.06
5 Anf Giinkan 6.816.50
Park
6 Playground 829,94 | Kale (817) 1.01
7 Playground 1.290.17 | Orta (1.141) 1.13
8 Ustiin Park 16.479.06 | Dink (1.161) 14.19
9 Playground 4.478.62 | Yem Gocmen (3.903) 3.69
10 Playground 9.933.90
11 Kayabas1 Park 36.156.75 | Sokubas1 (1.722) 20.10
12 Playground 2.818.94 | Karaca Ugurlu (2.631) 1.07
Toplam 124.488,31 | Arastirma Alam Toplama 341
(36.499)

When the table 3 is evaluated, it is seen that the amount of green area per person is
mostly located in Sokubas1 district (20,10 m?) and at least in Mehmetgik district (1,00 m?). 5
(Mehmetcik, Kale, Karaca Ugurlu, Dink, Yeni Go¢men Parks) of the 12 parks in Bor have
children playgrounds. Cigizoglu Osman Efendi high school in the area has a green area, there
is no children's playground (Figure 3). It is seen that there are children's playgrounds in the
entire neighborhoods where the active green areas are located. However, these areas were
mostly restricted to swings and slides; It has been determined that there is no game equipment
that will contribute to the physical development of the children and it is determined that the
use of the plant to contribute ecologically and aesthetically to the town is insufficient. The
sports and picnic areas are located only in Ustiin Park and Kayabas1 Park, which form active
green areas outside the children's play area.

It is seen that the green areas which are located in Bor and expressed by the covered
areas are not homogeneous and inadequate in the whole district. It is very important to
consider of the ecological functions of the green areas as well as the economic functions, and
base on the ecological basis of future design approaches in order to understand the interaction
between the district population and the active green areas. In order to determine the amount of
green space per capita, it is necessary to calculate the ratio of the user population to the
amount of green space. In addition to this, it is necessary to determine the adequacy of the
amount of green areas per capita throughout the district, to use the green area in accordance
with the population and to distribute the green areas homogeneously within the settlement
areas.

CONCLUSIONS

It is known that the urban green areas must be within 5 minutes of walking distance from
the residential centers, neighborhoods and shopping centers or be within convenient reach by
bicycle. Accessibility of green spaces is an important issue that must be taken into account
during the planning and design phase. Developed countries developed proposals in the field of
accessibility of green areas. When the UK sample is examined; it is emphasized that At least 1
ha for the area with a population of 1000 in the distance of 300 m from the area between the
green area and the residential buildings; at least 20 ha for 2 km distance; at least 100 ha for 5
km distance from the dwelling, and at least 500 ha natural reserve areas for 10 km distance
from the dwelling should be formed (Moughtin, C., Shirley, P., 2005).
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The social and environmental impact of urban green spaces in quality urban life is
important. Advantages of the area are related to accessibility and proximity. It is proved in
previous studies that people living in urban areas want to live residence closer to green areas.
Burgess, et al. (1988); Coles ve Bussey (2000) ve Grahn and Stigsdotter (2003) are reported
that green areas closer to residential areas will be visited more by users. In addition to this,
access to parks is an important issue in terms of social interaction (Onder, et al., 2011).

According to the data obtained in the accessibility and spatial analysis within the scope of
the research, the following results were obtained:

e It has been observed that there is an insufficient and unbalanced distribution of the green
areas in Bor and surrounding areas.

e It has been determined that the playgrounds, sports areas, neighborhoods and district
parks, which are considered as green areas in Bor, have a very small area within the given
criteria.

e |t has been determined that the existing green spaces in Bor do not qualify for the social,
cultural and psychological needs of the individuals

e The amount of green space per person in Bor province is inadequate compared to
European Union cities; and these areas are well below the criteria when they are examined
in the frame of construction law in Turkey.

e Societies that perceive that the green space surrounding them is of better quality perform
more physical activity than those who perceive the surrounding green space as less quality
(Annear, et al. 2009, Stronegger, et al. 2010, De Jong, et al. 2012).

The importance of green spaces is better understood by ocieties living in urbanization,
dense populations, and insufficient green space, and there is no more active green space in
urban environments.Considering the ecological functions of urban green areas; the protection
of existing green areas on a regional or national scale, and the conception of new green spaces
in these circles have an important place in the landscape design. In this context, it is necessary
to raise the awareness of local governments and local people, increase the employment of
landscape architects by municipalities, and to base the ecological basis of urban landscape
designs on the contribution of active green areas to urban life quality and urban ecology.
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Abstract

An important part of global pesticide consumption consists of herbicides. But, due to
increasing pesticide costs, concerns about pesticides’ risks on environment, increasing interest
to organic farming, increasing resistance of weeds to herbicides, scientists are searching
alternatives to herbicides. The most promising alternative methods are thermal weed control
methods. The emissions resulted from these alternative methods don’t produce any
environmental risk if operated appropriately. Common thermal methods subjected to
researches are flame, hot water, steam and infrared heater. The concerns and problems
regarding these thermal methods consist of high fuel costs, variable effects depending on
weed species, fire risks and injuries on cultivated plant tissues. In this paper, we reviewed
international literature on flaming and burning thermal weed control methods.

Keywords: Burn, burning, flame, flaming,weed + flame; weed + flaming; weed+ burn;weed
+ burning.

INTRODUCTION

Weeds in agricultural fields result with crop yield losses by competing for water, light
and land with crops. Chemical fight is the most preferred weed control method today due to
its easiness to apply and its fast effect. Due to the negativities of pesticides on human and
environment, increasing resistance of weeds to pests and increasing demand for organic
products, the use of environmentally friendly new technologies in agricultural struggle is
required. Herbicide leaching into surface and ground water and its residues in drinking water
and food is an important public problem (Rifai et al., 2002).

In thermal weed control, weeds are heated in order to kill them or at least reduce their
competitive ability. The heat transfer to the plant surface can take place by convection,
radiation, condensation or by conduction for a sufficient period of time. For this purpose,
different solutions (flame, hot water, steam, heat radiation) had been developed (Vanhala et
al., 2004). The principle of thermal treatment is to target the plant for short periods, less than
1 second, with intense temperatures at, or greater than, 100°C. Thermal weed control destroys
plant cellular material, coagulating plant proteins, thus disabling respiration and normal plant
functioning (Hewitt et al., 1998). All weeds can be controlled when the thermal weed control
reaches a sufficient temperature.
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Flaming

Flaming is the most widespread thermal weed control method in agriculture (Ascard,
1995). Weed control by flaming is based on heating plant tissue rather than burning it (Leroux
et al., 2001).

Nozzle size, number of nozzles per metre burner width, the fuel (propane etc.), gas
phase or liquid phase burner, flame temperature, gas:air ratio, place of gas and air mix, natural
or forced air supply are important parameters (Vanhala et al., 2004). Flame applications may
be conducted in open and protected flame form. Significant heat losses occur in open flame
applications and can damage culture plants. To avoid this damage partly, round (pointed) end
flame heads are used. Due to the low flame width of such flame heads, the work width is
small and a large number of flame heads are required. This increases fuel consumption. To
avoid heat losses, reduce damage to the crops and to increase working width of each flame
head, flameproof heads (jet type) are used. Flame weeding is often used for weed control in
organic production where use of herbicides are prohibited (Sivesind et al.,
2009). Flaming has been more effective against broadleaf weeds than grasses (Cisneros &
Zandstra, 2008). Any research experiment may include comparing the efficacy of different
weed control tools or methods, assess the effect of timing, dose or intensity or different
combinations of methods (Vanhala et al., 2004). Flaming would not be very competitive in
areas where herbicides and conventional cultivation give satisfactory control of weeds.
Chemicals gave the most effective weed control and the highest yield due to their selectivity
and ability to move throughout the weed to control its underground and above-ground parts
(Rifai et al, 1996). Flaming works best on small annual weed seedlings. Larger and more
mature weeds require more intense heat and are difficult to kill with flaming (Holekamp,
1954).

Flaming is a good alternative to herbicide applications on hard urban surfaces and to
mechanical means (e.g., string trimmers) which can seriously damage surfaces (Raffaelli et
al., 2013). A greater knowledge on the development of dose—response curves for determining
the appropriate propane dose for effective weed control in major agronomic crops is needed to
improve flame-weeding strategies (Datta & Knezevic, 2013). Flame weeding is less costly
than hand-weeding (Nemming, 1993). Flame weeding can be used when the soil is too moist
for mechanical weeding (Domingues et al., 2008). Flame weeding can be used in pre-sowing,
pre-emergence or pre-transplanting of culture crops (Peruzzi et al., 2007). Post-emergence
flame weeding can be used in heat-tolerant crops like maize (Ulloa et al., 2011a), soybean
(Knezevic et al., 2013), sorghum (Ulloa et al., 2011b). According to Rahkonen et al. (1999),
flaming have little effect on microbial biomass deeper in the soil (5-10 mm). The soil
temperature at 5 mm depth was raised by 4.0°C and at 10 mm by 1.2°C. The threat that
flaming poses to soil microorganisms is small. The use of herbicides in urban areas are strictly
regulated. As an alternative to herbicides, thermal equipments can be used successfully for
weed control on hard surfaces (Peruzzi et al.,2010). Flaming was also used for insect control
in dormant alfalfa (Thaddeus, 2001).

Burning

Soil burning is a traditional agricultural practice in restricted areas of the Ethiopian
highlands (Piilschln & Koch, 1990). The main grazing management practice in the Kansas
Flint Hills is burning annually in spring in March or April. This is followed by intensive
grazing with beef cattle for a short period from April to August (Alexander et al., 2016).
Windrow burning is a tool implemented in Western Australia for harvest weed seed
management (Walsh & Newman, 2007). Burning can recycle nutrients tied up in old plant
tissue, control many woody plants and herbaceous weeds, improve poor quality forage,
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increase plant growth, and improve certain wildlife habitat. To minimize smoke impacts and
protect public health, burning would be conducted under appropriate atmospheric conditions.
(Howenstine et al., 2012).

Stubble burning is probably the oldest form of weed seed control, however, there is
very little information on the effectiveness of this practice as a means of destroying weeds
seeds (Walsh, & Newman, 2007).Articles and their selected core results on flame and burning
weed control are listed in Table 1.

Table 1. Articles on Flaming/Burning Weed Control (in chronological order)

No | Article Method Application Main Results

1 Holekamp, 1954 | Flaming the drill row | Flame Excellent control of annual weeds in cotton has
in cotton. Two flat been obtained by supplementing regular
burners staggered on cultivation with the application of flame to the
opposite sides of the drill row.
row.

2 Cannon & Flame compared with | Flaming Flame cultivation was effective in controlling

Hamilton, 1963 | herbicides weed seedlings in the drill row from the first
irrigation until layby. The flamer destroyed
many of the lower leaves.

3 Peacock et al., Chemical, Flaming The flame cultivator gave preemergence weed

1965 mechanical and flame control.
treatments
4 Jeffery, & Burning wheat Burning Soybeans were direct sown into a wheat stubble,
Henard, 1970 stubble before sowing burning the stubble before sowing enhanced
soybeans. weed control regardless of herbicide treatment.
Burning the wheat stubble provided season-long
weed control regardless of row-spacing.

5 Whitney et al., Grapefruit trees. Flaming Generally, flaming was the most expensive

1970 Compared flaming, method of weed control while the mechanical
mechanical tree tree hoe was the least expensive.
hoeing, and
herbicide.

6 Parish, 1990 Greenhouse and field | Flame Treatment of seedlings which germinated over a
trials. Weed short period was more effective.
seedlings.

7 Piilschln, & Soil of grazed fallows | Burning On burnt spots weeds developed just about 1/3

Koch, 1990 are burnt and of the cover on unburnt ones with a
unburned. comparatively low share of monocotyledonous
species.

8 Balsari et al., Post-emergence of Flame Best results were obtained at 0.27 —0.42 m - s-

1993 the weeds before 1 speed, 0.20 MPa pressure, with weeds at first
transplanting the stage of growth. Flame weed control alone at
lettuce. 0.27 m s-1 gave a lettuce yield that did not

differ from the one obtained with the chemical
application.

9 Storeheier, 1993 | Open flamers Flaming Shields should be long and relatively low roofed
compared to shielded in order to keep the combustion gases close to
flamers the ground for as long time as possible.

10 Ascard, 1995 Field experiment, Flame Weed species with unprotected growing points

natural weed flora at
different
developmental stages.

and thin leaves were susceptible. When these
plants had 0-4 true leaves, complete kill was
achieved at propane doses of 20-50 kg ha-1.
Species with protected growth points were
tolerant due to regrowth after flaming, and they
could be completely killed only in the early
stages. Increasing leaf numbers resulted with
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increased propane requirement.

11

Rifai et al.,
1996

In onions and
carrots.

Flame

Flaming should be a preventive method, weeds
should be controlled as soon as they appear in
the crop. Flaming weeds without crop damage
becomes increasingly difficult as the weeds
grow larger. Flaming is not a cure for every
crop. Supplement it to herbicides or mechanical
cultivation for better weed control.

12

Ascard, 1998a

Testing flame burner
angle in the field.

Flame

No significant differences observed between the
effects of the different burner angles. Weed
species with protected growing points were
tolerant to flames, whereas species with
sensitive leaves and exposed growing points
were susceptible.

13

Ascard, 1998b

Comparison of
flaming and infrared
radiation

techniques in Sinapis
alba

Flaming,
infrared
radiation

The flamer showed better performance than the
infrared radiator on plants at the four-leaf stage,
but the opposite was true on plants at the
cotyledon stage. Both thermal weeders required
an effective dose of propane of about

60 kg ha—1 to obtain 95% reduction of plants at
the zero- to two-leaf stage. At equivalent
propane doses, the flamer gave higher
temperatures than the infrared radiator at 1 cm
above ground, but temperatures were similar at
3-5 cm height.

14

Hewittet al.,
1998

Conducted on a
surrogate oat crop
and a weed infested
pasture

Flame, hot
water

Hot water was equally as effective as
glyphosate. Flaming was not as effective,
however, acceptable weed kill was obtained on
juvenile weeds. Thermal weed control is most
effective when two sequential applications
occur 3-4 weeks apart. Repeat applications of
thermal methods markedly increase the efficacy
of weed Kill.

15

Rahkonen et al.
1999.

Soil microbial effect.

Flaming

Flaming have little effect on microbial biomass
deeper in the soil (5-10 mm). The soil
temperature at 5 mm depth was raised by 4.0°C
and at 10 mm by 1.2°C. It is concluded that the
threat that flaming poses to soil microorganisms
is small.

16

Rifai et al.,
1999

Flaming, hot-steam
and mulching on the
natural weed flora at
different
developmental stages
in apples.

Flaming, hot-
steam

The effect of flaming on annual weeds depends
mainly on the developmental stage of weed
species and the propane dose required for the
desired control level. The hot steam technology
was not effective. An exposure time of 540 s at
150°C of the steam was not sufficient to control
weeds. Mulching was a good alternative to
reduce herbicide use.

17

Brunclik &
Lacko-
BartoSova, 2001

Susceptibility of
different weed
species.

Flaming

At least two flaming treatments at ground speed
of 4 km.h™%, angle of burners position adjusted at
40° to ground surface, above ground level of
burners 0,14 m, gas pressure of 0,2 MPa at the
gas propane doses (consumption) of single
treatment of 27 kg.ha™ were good resulted.
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18 Thaddeus, 2001 | Flaming winter Flaming Alfalfa yield evaluations revealed the flamed
annual weeds and/or alfalfa treatments had higher yields than the
insect pests compared untreated check.
with herbicide and
insecticide
treatments

19 Mojzis, 2002 Onion field with wild | Flame The change of gas consumption influenced the
oats and wild radish effectivity of weed control. Control of the wild

oats varied from 31% to 93% . Control of wild
radish varied from 21% to 93%.
20 Rasmussen, Punch or normal Flame Punch planting with flame weeding offers a
2003 planting with or promising method of weed control in organic
without flame farming.
weeding in fodder
beet for five planting
dates.
21 Raffaelli et al., Comparison of hand Flaming Flaming permitted a work saving. Yield was not
2004 hoeing with flaming different. Flaming is efficient for intra-row
for intra-row weed weed control in artichoke.
control in Artichoke
22 | Shimi & Faghih, | Flaming compared to | Flaming All treatments plus one hand weeding controlled
2004 hand weeding and weeds effectively and boosted yields. Flaming
herbicides in onion can replace herbicides in onion fields.
fields
23 Fereidonpoor et | Field experiment; Flame Treflan+ once hoeing at 8th weeks and the
al, 2006 flame and herbicide application of flamer twice at the 20cm and 40
cm height of plant were the best result.

24 Narwal et al., Effect of tillage Burning In 2005 wheat straw burning with chisel

2006 practices and stubble ploughing and mould board ploughing
burning on seed bank. treatments were similar in reducing the weed
biomass.

25 Bower et al., Burning grazing plots | Burning Marbled frogs declined correlated with

2006 to reduce Urochloa vegetation biomass. Knowledge about impacts
mutica. Frogs were of planned weed control is critical.
also monitored.

26 | Ostoji¢, 2007 Maize crop, flame Flame 110°C flame temperature destroyed all weed
temperatures from seedlings up to the 2 true leaves stage. At the 4-
110 to 350°C at up to 6 true leaves stage 175°C was required for 80%
the 8 true leaves control. Over 85% control at the 8 true leaves
stage. stage was only achieved by using 350°C flame

temperature.

27 Walsh & 10% of field area is Burning Preliminary kiln studies determined that

Newman, 2007 | exposed by burning temperatures in excess of 400 °C for at least 10 s
narrow windrows to were needed to guarantee the death of ryegrass
kill weed seeds seeds while 500 °C for the same duration was
practice required to kill wild radish seed within their pod

segments. Burning exposes the soil surface,
increasing the potential for erosion.

28 Cisneros & Conducted with a Flame A few plants survived when flamed at 8 km/h.

Zandstra, 2008

conveyor bench
burner apparatus.
Applied to broadleaf
and grass seedlings at
different stages.

Some seedlings were more tolerant. Some large
plants survived flaming at both growth stages.
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29 Da Silva et al, Organic field beans Flaming Flaming with machine on organic soil beans is
2008 feasible, but equipments require a re-
engineering work to adequation of crop
characteristics.
30 Domingues et Broadcast flaming on | Flaming Unlike the broadleaf species, the growing points
al., 2008 four weed species of grass species remained undisturbed below the
soil surface at the time of flaming. Grass species
were more tolerant to propane flaming than
broadleaf species. The sensitivity of grass to
flaming also varied between the species.
31 | Sivesind et al., Five common weed Flame Dicot species were more effectively controlled
2009 species than monocot species. Flame weeding can be an
effective and labor-saving weed control method,
partially dependent on the weed flora.
Knowledge of the local weed flora and their
susceptibility to flame weeding is vital for the
effective use of this method.
32 Saglam & Vineyard Flame 82% of narrow leaf weeds and 72.5% of broad
Kiran, 2010 leaf weeds were eliminated with flame.
33 Peruzzi et al. Flaming treatments Flaming The specific nozzles and rod burners used,
2010 on weed density together with the water heat exchanger, allowed
reduction and LPG a high efficiency of the machine and a reduced
consumption and LPG consumption.
cost.
34 Ulloa et al., Broadcast flaming; Flaming V7 was the most tolerant while V2 was the least
2010a propane dose and tolerant stage for broadcast flaming. V7 stage
crop growth stage; can tolerate higher dose of propane for the same
field experiment in yield reduction compared to the other growth
sweet maize. stages. Flaming has a potential to be used
effectively in organic sweet maize production if
properly used.
35 Ulloa et al., Six annual weed Flaming Broadleaf weeds were more susceptible to
2010b species' tolerance to flaming than the grass regardless of the growth
broadcast flaming stage. Overall response to flaming varied among
species, growth stage and propane dose.
36 Knezevic etal., | Seven treatments Flaming The best treatment was a combination of
2011 applied at several cultivation and banded flaming conducted
growth stages of twice, at the V3 and V6 stages of maize.
maize. Banded and
broadcast flaming
37 | Petrovi¢ & Effect of different Flaming The most sensitive group of microorganisms on
buri¢, 2011 propane dozes in weed flaming was the group of bacteria and the
weed flaming in most tolerant were fungi in both investigated
soybean and corn Crops.
crop on the number
of systemic group of
microorganisms in
soil.
38 Avishek et al., Propane flaming in Flaming In maize, the combination treatment of
2012 combination with mechanical cultivation and banded flaming

cultivation in maize
and soybean. banded
flaming, broadcast
flaming

applied at the V4 and V6 stages provided >90%
weed control, which was similar to the weed-
free control. In soybean, the highest yields were
obtained in the weed-free control and the plots
flamed plus cultivated twice at the VC and V4
stages (2.8 t ha™).
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39 Loghavi & Machine vision and Continuous or | In general, continuous and targeted flaming
Loni, 2012 image analysis targeted showed similar results in weed eradication,
techniques used in flaming while fuel consumption of the targeted method
real time application was significantly lower. Weed eradication was
of variable rate flame higher at lower travel speeds. Targeted discrete
weeding in maize flame weeding by using machine vision
technology has a potential for uniform flaming
with lower fossil fuel consumption and air
pollution.
40 Ulloa et al., Greenhouse, maize, Flaming All plant species were more susceptible to
2012 soybean, two weed flaming during the afternoon. Leaf relative
species, propane, water content could be one of the factors
doses, hand flamer affecting plant response to flaming. Broadleaf
species were more susceptible to flaming than
grasses.
41 Raffaelli et al., LPG fed flaming Flame Flaming can be both less expensive and more
2013 machines used in effective than the ordinary treatments in urban
urban and sub-urban areas. Flaming was more effective than mowing
in comparison with in the suburban area but much more expensive,
herbicides or thus an integrated approach would be advisable.
mowing.
42 Knezevic et al., | Testing tolerance of Flaming Response to broadcast flaming varied among
2014 selected early-season species and growth stages. Single application of
weeds to broadcast broadcast flaming can be an effective tool for
flaming in no-till controlling a few weed species.
systems.
43 Loni et al., 2014 | Targeted-discrete Flame Optimum position of burners were 25 cm above
flame weeding by the ground surface and inclined at 30° for
using machine vision achieving acceptable accuracy in laboratory
technology; application of targeted flaming. First flaming
laboratory and field was significantly more effective than the second
tests and third flaming.
44 | White & Boyd, | Blueberry fields. Dry heat, Germination decreased more rapidly at higher
2016 direct flame, temperatures in all species. Duration of heat
straw burning | exposure required to reduce germination by 50
and 90% varied across temperatures and
species. Exposure of seeds to direct flame
rapidly reduced germination. Less than 1 s of
exposure required to reduce seed germination of
3 varieties by >90%. Thermal technologies that
expose weed seeds to direct flame will be the
most consistent in reducing seed viability.
45 Stepanovic et Field experiments Banded & The combination of mechanical cultivation and
al., 2016 with organic broadcast banded flaming applied twice (at VC and V4—
soybean; flaming flaming V5) was the best treatment resulting in 80-82%
and cultivation with weed control and 6-9% crop injury. Soybean
and without manure recovered well after all flaming treatments, with
the exception of broadcast flaming conducted
twice. Combining flaming with cultivation
effectively control weeds in organic soybean
production.
46 | Stepanovic et Flaming and Banded & No interaction between manure application
al., 2016 cultivation with and broadcast and weed management treatments. Maize
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without manure in flaming showed good tolerance to all flaming

organic maize treatments. Best weed control was achieved
with banded flaming. Flaming and cultivation
applied separately or combined in a single

potential to be used for weed control in organic
maize production systems.

47 Martelloni et Maize, LPG, cross Flaming Overall response of maize yield to flame

al., 2016 flaming weeding was influenced by LPG dose, humber
of flame weedings, maize growth stage, and
presence of weeds. Two cross-flaming
treatments applied separately with an LPG dose
ranging from 36 to 42 kg ha™ can provide an
acceptable level of weed control in maize for
economically acceptable yields.

48 Martelloni et Cross-flaming, LPG Flaming Bean flamed at BBCH 13 stage had little
al., 2016 on dry beans tolerance to cross-flaming. Bean flamed at
BBCH 14 stage was tolerant until an LPG dose
of 39 kg/ha.

RESULTS and DISCUSSION

To see the effects of flaming on ecology in scientific literature, “burning” and “weed”
combined keywords produce very much info related to these kinds of applications. This
keyword combination also gives too many patents.

In noxious-weed covered irregular sloped pastures, which covers huge areas in the
world, flaming may be a good way to destroy weeds without increasing erosion sourced from
plowing or without environment contamination sourced from herbicides. Image analysis
techniques may be used used with real time application of variable rate flame weeding
technique with man drivers. Targeted flaming will reduce fuel consumption significantly
compared to continuous flaming. These types of areas cover huge areas all around the world,;
one example is East Europe countries including Turkey. An operation covering three years
with 4-5 applications will possibly reduce tough perennials successfully, too. A shape
recognition system with endemic plants image database may be used to protect selected
species to reduce spraying application but will destroy undefinied species. So, using a
noxious-weeds image database to select and flame target will be a more environmental
method. Declines in vegetation biomass will effect accompanying animals. To reduce this
effect and protect these communities, unflammed spots will be needed in this system. Flaming
these areas early in the season when weeds are small will be more effective. Flaming is also a
very appropirate method to use in urban areas, organic fields, railways and raodways to fight
weeds without environmental pollution. Also flaming will reduce the negative effects of
burning on vehicle traffic on roads. Flaming reduces workpower requirement significantly
compared to plowing and handweeding. Flaming is a promising method to use in ridge
cultivation and drip irrgiation techniques due to no disturbance and damage to soil level and
pipes. Flaming may be a very economic method in conventional agriculture if targeted-
discrete flame weeding by using machine vision technology used. Very few studies exists in
insect fighting in between weed fighting, so more researches may be needed on this
subject. There exists researches on open and shielded flamers but looks like need researches
on appropirate nozzle types.
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Abstract

As the result of intensive urbanization and construction activities, cultural historical
environments are facing with the threats such as abondonment and deterrioration. In this
context, traditional housing areas are the mostly effected areas in the urban fabric. One of the
most important responsibility of the communities is the preservation of natural & cultural
values of traditional settlements as well as their memorial & symbolic values. So, planning
and design processes must be based on ecological basis, and nature friendly approaches
should be adopted to ensure the sustainable urban development as far as spatial and
sociocultural factors are concerned. Traditional/vernacular architecture of the region was
shaped due to environmental factors and echological data throughout history which carries all
the requirements of energy efficent ecological design. The most important reasons why
settlements belonging to historical religions reached today is the formation of the buildings by
using local material by using environmental sources efficiently. Agirnas which is a sub
settlement of Kayseri that is located on the east of the city centre is dating back to 3000 B.C.
Agirnas which was declared as an urban site that has to be conserved has been a settlement of
various civilizations and cultures throught history which is characterized by its traitional stone
masonary houses. Societies that have lived in Agirnas through history have built their
monumental buildings and houses using natural stone and timber with appropriate techniques
and structural systems. In this declaration, Agirnas will be introduced with it’s natural and
cultural qualities, landscaping features and urban characteristics. Then, housing areas &
houses of Agirnas are going to be evaluated in the frame of ecological design criteria.
Besides, proposals for the sustainability of the ecological, spatial and socio cultural values of
the local character & the settlement is offered.

Keywords: Agirnas, traditional settlements, traditional Anatolian houses, ecological design,
landscape design

INTRODUCTION

Mankind imitated nature while interfering nature in their physical surroundings
throughout history. They used basic natural and local building materials that was supplied
easily from their near environs (Erdogan & Yildiz, 2017). Environmental conditions and the
local structure are the main determinants in the formation of the traditional architectural
character. Stone and timber are the most commonly used building material from prehistoric
times to today as easily accessible, robust, recyclable, environmentally sensitive building
materials that can easily obtained from local sources.

Most of the monumental buildings erected by different civilizations were built with
stone and timber with different methods according to their usage have reached today.
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However, cultural environments are faced with danger such as lack of care, abandonment as a
result of the changing World so that cultural landscapes are transforming due to various
reasons and the mostly effected areas are the traditional mostly effected areas are the
tranditional urban environments that are facing with dense building activities and urban
developments. In this context, the effective use of resources and ecological design concepts
with the aim of sustainable ecological design principles in traditional settlements are on
agenda.

Nature-based ecological design can be expressed as an environmentally sensitive
design approach aiming the efficient use of natural resources and the creation of optimum
environmental conditions for living things in case of space organisation (Aklanoglu, 2009).
Ecological design is an organic and holistic approach that is primarily based on human health
and human ecology. However, it’s integrative and environmentally harmonious phenomenon
using recources&building material efficiently in order to transfer them to future generations.

As the result of technological developments there are radical changes in urban
environments and building activities giving harm to nature. So, the design principles of
traditional settlements that were easily integrated with nature are taken into consideration in
the design of actual urban environments. The spaces that contributed to the urban identity
providing the integration of the city with the natural environment will be created by use of
these criteria. In addition to the natural and cultural values of the historical cities, the
preservation of the memorial and symbolic values they carry and their transfer to future
generations is a necessity. The ecological, spatial and sociocultural sustainability of traditional
settlements will be ensured by spanning the planning and design processes on ecological basis
and the application of nature friendly design approaches.

Traditional/vernacular architecture having historical identity consists features that are
shaped due to the environmental conditions throughout history protecting urban ecology, and
compatible with energy efficient design principles (Tel Oztiirk & Erdogan, 2014). The most
important reasons why settlements belonging to historical periods reached today is the way
that they are utilizing the construction technology of their period using natural building
material and environmental sources effectively (Tel Oztiirk, 2014). In this context, Agirnas
Town which is a sub-settlement of Kayseri has traditional/vernacular houses built with stone
by using environmentally conscious natural building materials protecting natural resources to
a great extent.

In this decleration, first of all Agirnas Town was introduced with it’s natural&cultural
values, landscape features were introduced. Than, urban fabric of Agirnas&the vernacular
houses were evaluated&criticised as far as local identitiy&design principles are concerned.
And finally suggestions were offered for the settlement both in planning & design scales due
to the urban&building analysis studies.

MATERIAL and METHOD

The main material of the research in Agirnas Town is first degree urban and
archaeological sites declared by the decision of the Regional Board for the Protection of
Cultural and Natural Assets of Kayseri, dated 30.05.2002 and numbered 3018. Agirnas is a
sub-settlement of Kayseri situated in the middle Kizilirmak section of Central Anatolia
Region (Figure 1), 26 km north-east of Kayseri Province, within the boundaries of Melikgazi
District, 35° 31" east longitude and 38° 43' north latitude (Anonymous 2017a).
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Figure 1. Agirnas, geographical location (Anonymous 2017b).

Agirnas, which is selected as the study area; is an Anatolian settlement built with
traditional Agirnas stone, that is situated on a rocky valley on the southern slopes of the
Koramanlar Valley. The residential area is located above the underground cities formed by
rock carved structures on the northern slopes of the valley in the vicinity of Agirnas. Agirnas
IS an important ecological source within the context of the microclimatic effects and the
natural landscape characteristics; having the potential to sustain its presence as a sustainable
settlement in the future near the Kayseri province and its ecological character has been
effective in choosing the research area. The method used in the research has mainly three
stages. At the first stage, natural, cultural values & landscape features of Agirnas&it’s near
environs were introduced. At the secoond stage, national and international sources were
evaluated in cases of ecological design, local identitiy and preservation of cultural landscapes.
Besides, site analysis studies were held to determine the current situation, problems and
potentials of the area and the reconstruction plan of Agirnas at 1/1000 scale for the protection
of the area obtained from the municipality of Melikgazi was searched. At the final stage, the
present situation of Agirnas Town; the urban facric and stone masonary houses were criticised
in the frame of ecological design and evaluated according to EU Sustainability indicators to
set the requirements indicated. Then, suggestions have been developed with the aim of
ensuring the sustainability of ecological, spatial and socio-cultural values of Agirnas Town.

RESULTS and DISCUSSION

In this section, Agirnas Town was introduced with its natural, cultural characteristics
and traditional settlement pattern and Agirnas houses built with cut-stone were evaluated
within the scope of EU Sustainability indicators and ecological design criteria.

Natural Landscape Properties of Agirnas Town

Although Agirnas is a hot-arid climatic region which is cold and snowy in winter,
warm and dry in summer with the influence of the Erciyes Mountain. It is a rural settlement
where also a plateau climate is observed depending on its location. The warmest month is July
whereas the driest month is August in the region with an annual average temperature of
18.9°C in which annual rainfall is 7 mm per m® (Anonymous 2017c). Erciyes Mountain
located 54 km south west of Agirnas is active 5-6 million years ago for about 100 years, is the
highest mountain of Central Anatolia. Today, basalt and andesitic rocks as well as tectonic
depression and elevated areas and 300 m thick volcanic tuff rock structure in yellow and
white colors are present around 15.000 km? of the inactive volcanic mountain (Okyay, 2007).
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Local yellow stones, which are easily shaped and easily carved for such stone work
and decoration, have also been used in the traditional Agirnas dwellings. Agirnas settlement
in Koramanlar Valley where the Akbin (Degirmenler) stream bed, flowing in the southeast-
northwest direction, does not contain forests; there are rather sparse shrubs and grasslands in
the depression basins and on the plain. In the region, there are often group of steppe plants
that contain geven grass, shepherd's cushion, moss, lambs, cattle tails and poppy species. In
other parts of the region, fruit trees, ash, linden, poplar and willow species as well as bushes
are also encountered (Anonymous 2016).

Cultural Landscape Properties of Agirnas Town

It is thought that the settlement history of Agirnas goes back to the Late Hittite Period
according to the data ontained from the archaeological excavations in the tumuliuses and
underground cities. Communuties that have lived in Agirnas throughout history have designed
urban spaces and traditional houses using yellow colored Agirnas stone and timber with local
construction technique which is stone mansonary. As the area has been used as a settlement
by different civilizations, the urban patterns were superimposed one another such as caves,
underground cities, churches, and stone mansonary houses on the north side of the
Koramanlar Valley which is a first degree urban site. Meanwhile, original traditional Agirnas
houses built with cut stone were located on the southern slopes of the valley (Figure 2).

Figure 2. Agirnas, traditional settlement texture (Original 2014)

Traditions, beliefs, local conditions, volcanic rock formations, climatic conditions,
topographical structure have influenced Agirnas' natural and cultural landscaping character as
well as the formation of traditional settlement texture. Beginning from the southern slopes of
the valley, the structures, streets and neighborhoods in accordance with the topographical
characteristics and in organic form extends gradually towards the center of Agirnas. There are
31 registered buildings consisting of church, residences, school buildings, “bezir seteni”
(fabric production building), fountain and prayer hall within the boundaries of the Ist and Ilird
degree urban and archaeological sites. The streets, which are bounded by courtyards and
garden walls of two to three storey houses were shaped and shaped by the cantilivers and
balconies of the houses, are creating an organic texture that narrows and expands.

The most important open spaces that provide active and passive recreation
opportunities to the local people are the squares that were formed by the intersection of streets
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embellished with fountains in the urban texture. It is also possible to see "dead-end street"
applications in the neighbourhoods where Agirnas (tuff) stone is used as covering material.

The traditional street structure, shaped due to the topography in an organic form, has
been closed down from its extreme points to ensure privacy and security, so that the street
closed to general use has been turned into a special area for the use of a particular housing
group. Streets are running parallel to the topography on the west-cast direction whereas the
houses were erected on the worth-south direction to supply both sunshine to the houses as
well as qualified vantilation.

The enterances of the houses to the courtyard were mostly supplied from north
direction. On the other hand, the spaces of the houses were oriented to south in harmonious
with the topography. The high walls of the courtyards provides houses both from sunshine
during the summer months and cold winds during the winter. Besides, houses were built
according to the dominating wind direction to supply air circulation&the inner spaces of the
houses.

s
Figure 3. Traditional houses of Agirnas (Original, 2014)

Because of the geological rock formations of the region, the volcanic tuff stone
(Agirnas stone) was used as building material and the floor coverings of the houses and on the
courtyard walls. The near environs of Erciyes Mountain are rich in volcanic tuff rocks, which
has a great load bearing capacity and suitable for carving. Especially in Agirnas, tuff rocks
have been used in the construction of caves, underground cities and traditional Agirnas houses
throughout history because of it’s easily processable nature.

Agirnas stone is a tuff stone that has hardened after contacting with air and has a high
resistance to cold weather conditions. Besides, this type of stone, which is an effective
material in terms of insulation, ensures that the interior is warm in winter, and cool in
summer. Thus, use of technologies such as air conditioners and refrigerators and their harmful
effects to environment are eleminated. Therefore, it brings the effective user of energy as well
as environmentally sensitive ecological design.

The number of open-green areas designed in the traditional city of Agirnas, which is
positioned according to the natural landform, is not much. However, in the Koramanlar
Valley, the green vegetation around the Akbin Stream and its surroundings have an important
potential in terms of ecology and recreation. The gardens and courtyards of the houses and the
fruit gardens located on the south side of the settlement center constitutes the present green
areas of Agirnas. The surroundings of the Agios Prokopios Church and the Agirnas Library
were arranged as a green area after the restoration of the buildings (Figure 4).
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Figure 4. Koramanlar Valley, Agios Prokopios Church and Agirnas Park (Original, 2014)

The Evaluation of Agirnas Town in the Frame of Sustainability Criteria of European
Union (EU)

The main evaluation criteria for Agirnas Town is the sustainability criteria of
European Union (Aklanoglu & Erdogan, 2011) and it’s checklists. So that, Agirnas traditional
settlement pattern was evaluated in this context (Table 1).
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Table 1. The Evaluation of Agirnas Town in the Frame of Sustainability Criteria of EU

EU Criteria
Sustainable
Land Use

Traditional Houses

Transportation and
the accessibility to
public spaces &
facilities

Air Quality

Waste
Management

Noise
Sustainable

Management of
Local Authorithies

Utilities supporting
sustainability

Local participation
for ecology

Energy

Use of Technology

Current Situation of Agirnas
3006 inhabitants are living in Agirnas. The settlement, buildings & landscape application
have been developed according to the land form. The houses were integrated successfully
as far as wind-direction, sun, topography, climatic factors & flora of the area are
concerned. So that, the land was used effectively. Houses were built on the rocky land on
the north side of Koraman Valley whereas agricultural lands, fruit gardens & the cemetery
are located on the south side of the settlement area. Agirnas Town fulfill the requirements
of a sustainable settlement by it’s textural qualities, topographic uses, agricultural lands
supplying the food of the inhabitants and effective land use.
Houses were built with local cut stone mansonary supplied from the region very easily
which is an excellent insulator building material which can be considered as energy
efficient. Besides, courtyards located in the centre of the houses used as the main space
organizers act as microclimatic regulisators both in summer & winter months.
Residental areas are situated very near the town center. So that, accessible to all facilities
such as commerce, educational & health services as well as open green areas by
pedestrians. So, there is no need for public transportation. However, Kayseri-Agirnas
Highway is passing through the I. Degree Archeological Site into two sections, and giving
harm to the urban tissue. Vehicle traffic accessibility is good in the traditional settlement
area supplied by narrow street pattern. The area is also suitable for bicycle transportation;
however, it is not common in the town.
There is no measurement done in the town to determine the air qualitiy. However, there is
no industrial activity in the region as well as vehicle traffic to produce air pollution.
Besides, the valley located on the south side of the settlement polluted air is transferred
from the area by the help of the air corridor.

Wastes of the town are transfered to solid waste disposal area. Waste water is also drained
to the sewage system. On the other hand, there is no recycling or waste cycling
applications in the town.

There is no noise source in the settlement and it’s near environs originating either from
industry or traffic. Silence is one of the main characteristics of the area.

There are some building & landscape activities in the town. Open green system of the
settlement is supported with new design activities to upgrade the quality of the settlement.
There are also restoration & rehabilitation activities in the 1st. Degree Archeological Site
Area of Agirnas. Heavy vehicle traffic is forbidden in the protected area to restrict the
damage in the historical environment. Besides, the house of Architect Sinan was restored
as well as his ?

There are many local Arts & crafts activities in the town such as stone mansonary, stone
carving activities, carpets, rugs, coppersmith, plastering. All these handcrafts and local
artistic activities are supporting the sustainability and economy of the settlement.

There is no special organisation or application related to public participation. However,
local people are very sensitive to the ecology & the environmental resources.

Local building material which is a volcanic rock is an excellent insulator. So that, the
buildings are warm in winter & cold in summer months for energy saving and there is no
need for extra climatization devices. Besides, hot water is supplied by the help of solar
energy. On the other hand, underground structures & rock carved buildings are used as
cold storage spaces for foods. Consequently, the settlement has a great energy saving
capacity which is one of the main objectives of an ecological design.

There is no high technology in the settlement. However, basic technological requirements
are fulfilled such as all electronic devices, cellphones & internet communication are
available.

CONCLUSION

According to the research findings & site analysis studies; it is determined that
Agirnas is carrying all the qualities of an ecological settlement. The town is situated and
developed according to the natural environmental factors in harmony with the existing
topography. The building density in the urban tissue is low and in human acale with it is 2-3
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story buildings. Besides, every building has its own open green space either in the form of
courtyards or gardens whih supplies private.

Open spaces to all buildings as well as it’s psychologial & aesthetical values.
However, the open and green areas needs aesthetical design approaches to improve the
quaility of the urban green areas. There is no comprehensive restoration activity in the
registered traditional settlement area. Besides, some of the buildings that were restored are not
qualified and some are in ruins. There are huge gaps in the construction plan prepared for the
protection of the traditional settlement causing harm in the urban tissue in cases of ruined
buildings and undetermined open spaces in the area. On the other hand , new building
activities and attached spaces to the original houses done unconsciously cause harmful visual
effects and damage to the original strect patterns, plan schemes & facades of the stone
mansonary buildings. There is no conservation decision or proposal as far as open green
areas, squares and plant material are concerned.

Furthermore, the underground cities located under the traditional settlement of Agirnas
restricts the plantation applications in the area. On one other hand, active urban green spaces
that take place both in Koramanlar Valley and the town center are not distributed
homogenously; on the other hand, sport facilities and related areas are insufficient.

Consequently, Agirnas historical city centre and the traditional houses are carrying the
criteria of ecological design which was shaped due to natural and cultural values of the region
synthesized throughout centuries. However, new urban development & housing areas are
disregarding these criterias. So that, new development areas attached to the traditional center
and the buildings should be designed and built according to environmental factors and
building material as well as actual needs of daily life.

In this context ecological design criteria for Agirnas is as such:

e The conservation plan prepared for the Town of agirnas should be sevised in order to
protect the existing environmentally friendly ecological urban tissue & vernacular houses
of the region.

e Biological diversity & ecological richness of Koramanlar Valley and it’s near environs
and the urban air quality must be protected, and improved by means of planning
approaches & legistation.

e The agricultural lands located on the southern side of the traditional settlement must be
protected to sustain their function and construction activities in these lands & it’s near
environs must be forbidden legislatively.

e Only local stone should be used both in the traditional urban tissue of Agirnas and the
street coverings. Besides, sewage & drainage system of the town should be improved.

e Traditional Agirnas houses that needs repair should be restored with convenient
restoration approaches & techniques.

e All the buildings & houses should be restored with respect to their original plan schemes,
facade elements building material and construction technique.

e The buildings lost their functions should be refunctioned and rearrangened accordingly in
a conservative approach.

¢ Ruined buildings in the vernacular urban tissue should be rehabilitated urgently. They can
either be reintegrated or consolidated according to the data obtained.

e Landscaping or plantation in the traditional settlement should be combined with the
cultural values and plant material that is going to be used should be selected from the
species of natural local vegetation of the region.
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e As there are underground cities under the vernacular settlement area; infrastructural
applications & plantation should be done carefully in order not to give harm to the
underground cultural assests.

e An integrative planning and design approach carved underground cities monumental
buildings, stone mansonary houses & plantation of the urban tissue to protect the urban
silhouette & cultural landscape proporties as well as original structural character of the
town.

e The underground cities should be rehabilitated and consolidated to strengthen the carved
structures and to keep it’s originality.

As Agirnas is a unique settlement with all it’s urban and natural components; it must be
preserved with special techniques to sustain the settlement and to transfer it to future
generations with it’s ecological, local, structural, traditional and aesthetical values.
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Abstract

Surveys were conducted in wheat growing areas of Konya, Ankara, Eskisehir, Yozgat,
Kayseri, Kirikkale, Kirsehir, Aksaray, Nevsehir provinces in 2011-2012 growing seasons in
Central Anatolia Region, Turkey. Black heads and black spots on leaves were seen especially
during late surveys and the contamination rate in these fields was observed between 40-100%.
Thirty six wheat samples were collected from the fields. As a result of isolation from heads,
leaves and grains, 88 ‘Sooty Mold’ isolates were obtained belonging to 5 different fungus
genus. These fungi cause, known as black point, damage (discolored) grain which affect
quality and marketability. In consequence of morphologic identification and DNA sequence
analysis, isolates obtained from infected black heads and leaves were determined as
Alternaria alternata, Alternaria. chlamydosporigena, Alternaria infectoria, Alternaria
quercus, Alternaria tenuissima, Alternaria triticina, Cladosporium cladosporioides,
Cladosporium herbarum, Cochliobolus sativus, Epicoccum nigrum and Stemphylium sp. The
isolations were made from the grains observed black point, A. alternata, A. infectoria, A.
tenuissima, A. triticina, Cochliobolus sativus, Cladosporium cladosporioides, C. herbarum,
Epicoccum nigrum and Stemphylium sp, were determined. The most prevalent species was
found as Alternaria alternata in the fields. In each wheat cultivar tested in inoculated seeds
significantly reduced their germination.

Keywords: Sooty molds. Black head, Wheat, Molecular, Germination

INTRODUCTION

Wheat is the most important cereal crop of Turkey is grown extensively in provinces
of Central Anatolia Region. In field, wheat is attacked by a lot of different sooty mold fungi,
which under certain climatic conditions significantly reduce the yield and quality of the crop.
Sooty molds are caused by a large number of weakly parasitic and saprophytic fungi,
especially species of Cladosporium, Alternaria and Cochliobolus and these fungi are seed-
borne and transmitted through seeds (Bockus, 2010; Anonymous, 2010) and cause black point
symptom. Black point is one of important disesase in Central Anatolia Region. Black point
defined as the discoloration of the embryo end and surrounding areas of the wheat kernel,
occurs any time from grain filling to near harvest. High humidity or frequent rainfall from
milk to soft dough stage, late season irrigation often stimulate infection by sooty mold fungi.
The various fungal organisms associated with wheat, members of black point complex not
only reduce germination and vigor of wheat seed but also cause seedling blight disease in the
world (Khanum et al., 1987; Rahman & Islam, 1998; Perello et al., 2005, 2008; Rajput et al.,
2005; Fakhrunnisa & Gaffar, 2006).
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Because of black discoloration and lower germination of the black point that is
affected seeds, the seed agencies like Turkish Grain Board (TMO) and some seed companies
have often been rejecting considerable quantity of wheat seeds inflicting significantly
economic loss in Turkey. Black point symptoms are caused mainly by Alternaria alternata,
Cladosporium cladosporioides, Bipolaris sorokiniana and Epicoccum sp. (Fakir et al., 1989;
Mathur & Cunfer, 1993) Some species are pathogen of leaves and seeds or rarely of stems
and roots of plants from different families. C. sativus causes disease on the root, leaf, stem,
and head tissue (Anonymous, 2010) and A. triticina causes leaf blight on wheat leaves
(Perello & Sisterna, 2006). Optimal conditions for infection growth are high relative air
humidity and temperature about 20-25.°C (Chelkowski & Visconti, 1992).

Literature reviews show that no work on survey and the prevalence of the sooty molds
on leaves and heads in fields in Turkey. There are some literature about only black point on
grains in the other Regions of Turkey (Bigici & Cinar, 1988; Ozer, 2005). This study is aimed
to identify sooty molds in wheat fields in 9 Central Anatolia Region Provinces and investigate
in vitro germination rates of with black point seeds of wheat.

MATERIAL and METHOD
Sample Collection

In order to determine the sooty molds associated with black spotted leaves and black
heads of wheat (Figure 2) in Central Anatolia Region, Turkey (Figure 1). Thirty six samples
in black heads and black spotted leaves were collected in 2011 and 2012 growing seasons.
Samples were taken from Konya, Ankara, Yozgat, Eskisehir, Kayseri, Kirsehir, Aksaray,
Nevsehir and Kirikkale provinces. Black point symptoms were observed only from 20 seeds.

Figure 1. Location of survey areas in Central Anatolia Region
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Figure 2. Symptoms of ‘Sooty Molds’on heads and leaves
Isolation and Identification of Fungi

Segments of sooty leaves were surface sterilized for 1 min, glummed black grains and
unglummed grains with black point (Figure 3) were surface sterilized for 3 min in 1% sodium
hypochlorite (NaOCI) solution and then washed thoroughly with sterile water and air dried in
a laminar flow hood prior to placed on potato dextrose agar (PDA, Merck, Germany)
containing 50 mg/l streptomycin sulfate and blotter. Ten seeds were placed on each plate and
five petri dishes were used for each sample. Then dishes were incubated under a combination
of long-wave ultraviolet and fluorescent light (12 h light: 12 h dark) for 7 days. Temperature
was kept 20°C under the light and dark regimes, respectively. After 7 days of incubation,
individual seeds and leaves were examined under a stereomicroscope and light microscope for
the presence and absence of fungi. Morphological identification of fungi were confirmed by
examining for the presence of mycelia and/or conidia under light microscope. The fungal
species present on each of the seeds and segment of leaves were recorded. The fungi were
stored at 4°C and -80°C. The identification of fungi genus was made taking into consideration
sporulation, conidiophore structure and conidium size, shape and surface ornamentation using
following the keys offered by different authors Ellis, 1971 and J. Chelkowski and A. Visconti,
1992 (ldentification were done using ‘Alternaria, Biology, Plant Diseases and Metabolites).
Identification of fungi species was made according to DNA sequence analysis.

Figure 3. Grains with black point
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Molecular Identification

The ITS regions of the isolates were amplified using the universal primers ITS-1 (5’
TCC GTA GGT GAA CCT GCGG 3’) and ITS-4 (5° TCC TCC GCT TAT TGA TATGC 3°)
as described by White et al. (1990). Genomic DNA was extracted using a Qiagen DNeasy ®
Plant Mini Kit, as specified by the manufacturer, and stored at -20 C prior to use. PCR
reaction mixtures and condition were modified from previous studies (Acora & Raposo, 2007,
Cobos & Martin, 2008). The reaction mixtures of PCR, a final volume of 50 pl, contained 5pl
of 10X buffer [75 mM Tris HCL, pH 9.0, 50 mM KCI, 20 mM (NH4)2S04], 2 pl of 5 uM
each primers, 5 ul of 1.5mM MgCl2, 2 ul of 10 mM deoxynucleoside triphosphates (ANTPs),
1 U Taq polymerase (Fermentas), 5 ul of DNA template for each reaction and 5 ul of bovine
serum albumin (BSA: 10 mg/ml). DNA amplifications were carried out in a Techne TC-5000
thermal cycler by the following program: 94 °C for 2 min, followed by 34 cycles of (1)
denaturation (94°C for 30 s), (2) annealing (60°C for 30 s) and (3) extension (72 °C for 30 s),
and a final extension step 10 min at 72°C. The PCR products were separated in 1.5 % agarose
gels stained with ethidium bromide, and visualized under UV light. They were sequenced by
GENOKS (Gene Research and Biotechnology Company, Ankara, Turkey). The nucleotide
sequences were subjected to Basic Alignment Search Tool (BLAST) analysis
(http://www.ncbi.nlm.nih.gov) and compared to other sequences in GenBank.

Germination Tests

In vitro germination rate tests were conducted in order to determine the effect of the
18 isolates. Two isolates of each fungi species isolated from mycoflora associated with the
seeds were used on Bezostaja, Tosunbey and Gerek 79 wheat cultivars which commonly grow
in this Region. Seeds of cultivars were surface disinfected with 1% sodium hypochlorite
(NaOCl) solution for 3 min. and then they were washed three times with distilled water. The
seeds were allowed to air dry for 24 h under a laminar flow hood. The seeds were inoculated
by immersing in a standarized solution containing spores at a concentration of 3x10°
spores/ml of the 18 species isolated from with black point grains. The seeds were sown in 9
cm diameter Petri dishes on three layers of blotting paper and water agar. Each plate was
moistened with 4 mL of distilled water. Twenty seeds in each plate were spread at a regular
distance on the surface of the paper. Five plates were used. The Petri dishes were covered
with a plastic bag to prevent drying and they were incubated. Incubation was at 20°C for 7
days with 12 h of alternating cycles of NUV (near ultraviolet) light and 12 h darkness. After
incubation seeds were examined and germination percentages were recorded. Germination
was considered present when the radical protrudes by 2-4 mm was observed (Perello &
Larran, 2013). Disinfected seeds were used as control. Percentages of colonization of seeds
were also calculated each media and the average is calculated.

RESULTS and DISCUSSION

The number of 88 ‘sooty mold’ fungi were detected that were recovered from 36
wheat samples collected from Konya (10 samples), Ankara (8 samples), Eskisehir (3
samples), Yozgat (5 samples), Kayseri (1 samples), Kirikkale (3 samples), Kirsehir (3
samples), Aksaray (2 samples), Nevsehir (1 sample) Provinces. In consequence of
morphologic identification and DNA sequence analysis, isolates obtained from black heads
and infected leaves were determined as Alternaria alternata, Alternaria. chlamydosporigena,
Alternaria infectoria, Alternaria quercus, Alternaria tenuissima, Alternaria triticina,
Cladosporium cladosporioides, Cladosporium herbarum, Cochliobolus sativus, Epicoccum
nigrum and Stemphylium sp. (Figure 4).
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The isolations were made from the grains observed black point, A. alternate, A.
infectoria, A. tenuissima, A. triticina, Cochliobolus sativus, Cladosporium cladosporioides, C.
herbarum, Epicoccum nigrum and Stemphylium sp, were determined. Identified species
showed 95-100% similarity with the isolates belong to same species in NCBI. Our results
agree with other reports, in a study conducted in China, 1458 isolates obtained from the leaf
samples of winter wheat collected from 7 main wheat production areas in Shandong Province
were identified as 25 species in 18 genera belonging to sooty moulds pathogens i.e. A.
alternata, Aureobasidium pullulans, Cladosparium cladosporides, C. oxysporium, C.
herbarum, C. sphaerosporum, Epicoccum nigrum and Stemphylium botryosum. A. alternata
and Cladosporium spp.were predominant species in all areas investigated (Lixin et al., 1994).
In England, Flag leaves and ears of spring wheat cv. Timmo and winter wheat cv. Maris
Huntsman in 1981 and 1982 were colonised by a variety of micro-organisms whose numbers
increased rapidly between anthesis and harvest. The predominant mycoflora were yeasts,
yeast-like fungi and filamentous fungi which included Cladosporium spp., Verticillium
lecanii, Alternaria alternata, Fusarium spp. and Epicoccum nigrum (Magan & Lacey, 1986).

Figure 4. Sooty mold Fungi on PDA, (a) A. alternaria, (b) A. tenuissima, (c) E. nigrum
(d) C. sativus, (e) C. cladosporioides

Members of Alternaria species were found dominant flora with the number of 42
isolates. Alternaria alternata was found dominat species from isolated leaves and black
heads, while Alternaria tenuissima was found from isolated black point grains (Table 1).
Alternaria alternata is ubiquitous and abundant especially during ripening and harvesting of
cereal crops. Ripening ears of wheat are colonized by A. alternata soon after emergence and it
is also reported to be the most common subepidermal fungus of wheat grain (Hyde &
Galleymore, 1951). A. alternata alone or with other fungi, e.g., A. triticina, A. tenuissima can
cause a conspicuous black or brown discoloration of wheat kernels called black-point disease
(Bhowmik, 1969). This can result in decreased quality and yield of grain (Dickinson, 1981;
Dash & Narain, 1989; Chalkley, 2012). Our results agree with other reports on the vast
majority of Alternaria strains either A. tenuissima or A. alternata as a dominant species on
black pointed kernels (Ozer, 2005; Perello & Larran, 2013). This group is important in terms
of the deterioration of wheat sub-products and the risk of harmful mycotoxins production.
Five Alternaria triticina isolates were obtained from leaves, glummed black grains,
unglummed grains with black point.

77



EURASIAN JOURNAL OF AGRICULTURAL RESEARCH

A. triticina also causes leaf blight on wheat. 7 virulent Cochliobolus sativus fungi were
isolated. There are no studies related to ‘sooty molds’ on wheat fields in Tukey. The study
conducted in Tekirdag, Turkey, Alternaria alternata was the dominant fungus in black
pointed kernels for both years and isolated from the endosperm and seed coat especially, but
present at low level (Ozer, 2005). In consequence of isolations from grains, 5 isolates were
identified as Fusarium culmorum and 3 isolates were identified as F. graminearum, 2 isolates
were F. nivale in this study. A. chlamydosporigena and A. quercus were not isolated from
grains while they isolated from leaves and heads.

Table 1. Species, origin and number of sooty mold fungi isolated from wheat leaves, heads and grains

Fungi Source of isolation Number of Origin
Isolate
Alternaria alternata Leaf, black grains (with glume), 18 Konya, Ankara, Eskisehir, Yozgat,
grain (with black point) Kayseri, Kirikkale, Kirsehir, Aksaray,
Nevsehir
Alternaria tenuissima Leaf, black grains (with glume), 11 Konya, Ankara, Eskisehir, Yozgat,
grain (with black point) Kayseri, Kirikkale, Kirsehir, Aksaray
Alternaria infectoria Leaf, black grains (with glume), 5 Konya, Ankara, Yozgat, Kirikkale

grain (with black point)

Alternaria Leaf, black grains (with glume) 1 Ankara
chlamydosporigena

Alternaria quercus Leaf, black grains (with glume) 2 Konya, Ankara

Alternaria triticina Leaf, black grains (with glume), 5 Konya, Ankara, Yozgat, Kirsehir
grain (with black point)

Cladosporium Leaf, black grains (with glume), 10 Konya, Ankara, Eskisehir, Yozgat,
cladosporioides grain (with black point) Kayseri, Kirikkale, Kirsehir, Aksaray,
Nevsehir
Cladosporium herbarum Leaf, black grains (with glume), 8 Konya, Ankara, Eskisehir, Yozgat,
grain (with black point) Kirikkale,
Cochliobolus sativus Leaf, black grains (with glume), 7 Konya, Ankara, Eskisehir, Yozgat

grain (with black point)

Epicoccum nigrum Leaf, black grains (with glume), 15 Konya, Ankara, Eskisehir, Yozgat,
grain (with black point) Kirikkale
Stemphylium sp, Leaf, black grains (with glume), 6 Konya, Ankara, Yozgat

grain (with black point)

Differences were observed for seedling emergence of wheat as affected by inoculation
of different sooty-mold fungi (Table 2). The controls which belong all cultivars without
inoculations showed normal seedlings (100% germination). A. alternata was the dominant
species in terms of seed colonization. C. sativus infected a high percentage of wheat grains.
Seed colonization ranged from 88-98% by A. alternata and range from 90-92 by C. sativus,
whereas seed germination was ranged from 45-78% by A. alternata and from 20-48% by C.
sativus. It was determined that A. tenuissima and A. alternata have the highest colonization
rate among Alternaria species and they affected germination.
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Similarly, in Pakistan, Alternaria spp were detected as predominant causing 82%
reduction in germination of wheat seeds and also affecting seedling vigor (Rajput et al.,
2005). A. tenuissima can infect a high percentage of cereal grains (Andersen & Thrane, 1996;
Kosiak et al., 2004; Gannibal et al., 2007) producing some toxins dangerous for plant,
animals and human health (Andersen et al., 2002). A study was conducted by Perello &
Larran (2013), A. tenuissima was the dominant species with a seed colonization ranged from
86-99%, following by A. infectoria (79-85%) and A. A. triticina (68-71%). On the contrary
our study, seed colonization ranged from 20-49% by A. alternata. Alternaria alternata is
ubiquitous and abundant especially during ripening and harvesting of cereal crops. Ripening
ears of wheat are colonized by A. alternata soon after emergence, and it is also reported to be
the most common subepidermal fungus of wheat grain (Hyde & Galleymore, 1951). A.
alternata alone or with other fungi, e.g., Alternaria triticina, can cause a conspicuous black or
brown discoloration of wheat kernels called black-point disease (Bhowmik, 1969). This can
result in decreased quality and yield of grain (Dickinson, 1981; Dash & Narain, 1989;
Chalkey, 2012). Epicoccum nigrum was second species following Alternaria spp.with 93-
95% seed colonization rate but germination ranged from 75-92% by E. nigrum. Germination
rate of bezostaja cultivar was found more than other cultivars. The lowest germination rate
was observed by C. sativus on Gerek 79 cultivar with 20%. Reductions in germination were
observed on all inoculated petri dishes compared to control dishes.

Table 2. Percentage of colonization seed and effect on germination wheat seeds cultivar Bezostaja, Tosunbey and Gerek 79
of 18 members of sooty mold

Sample Fungi Province Seed Colonization Seed Germination (20)
Numbers (Average) (%0)
Bezostaja Tosunbey Gerelk TO
Aal A alternata Konya o3 78 S0 45
Aal A alterrata Mewvsshir 88 67 58 54
Atl A fernuiss Konyva 36 36 47 62
At A fernuiss bra T ozgat O 58 42 56
Ail A irpfectoria Eariklesle L 75 &0 45
Ail A irpfectoria Tozgat 85 30 55 &0
Arrl A friticiug Earzehir 68 42 S 52
Atrl A priticivug Ankara 71 63 53 70
Cel Clados poriumr Eayseri 75 68 44 63
clados porioides
Cc2 Clados porium MNewgehir 38 70 a5 62
clados porioides
Chl E:‘.hfio.sporéum Eskigehir T 75 70 6o
herbarurn
Ch2 Clados poriunt Eiriklkale GO 6o 58 63
herbarurn
Csl Cochiiobolus sativis Ankara O 48 35 20
Cs2 Cochliobofus safivis Ezkigehir o2 38 25 A0
Enl Epicoccum nigrum Konya o5 30 75 o2
En2 Epicoccum nigrum T ozgat O3 34 TG 7%
Stl Siempiyiiumm sp, Ankara 75 32 4% G4
St2 Stempiyiium sp. Yozgat 20 335 76 68
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CONCLUSIONS

The sooty mold fungi Alternaria alternata, Alternaria chlamydosporigena, Alternaria
infectoria, Alternaria quercus, Alternaria tenuissima, Alternaria triticina, Cladosporium
cladosporioides, Cladosporium herbarum, Cochliobolus sativus, Epicoccum nigrum and
Stemphylium sp can cause molding and spots on leaves and heads in the wheat fields where
the harvest delays in Central Anatolia Region. These fungi cause embryo decay in the seed
and cause a decline in germination rates. Sooty mold fungi colonize wheat heads when wet,
humid weather occurs during the latter stages of grain development and crop maturation, thus
harvesting should not be delayed, especially in areas where humidity is high.
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